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C cJ^ ^JLol^ CoLo>Jl . A^>s-o I AOjL o jXtS* (^yXp—\^ ^LoJLpI L^J«P ^)Lol 
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<u»L-wvJl^ L^lo-U- 1 oLuLJl ^-a ^3 c_uS" aJ^Aj ^Lp LL-*J--*Jl ^JoU*xJ 

L-oJLp L*j>- j-a (Jj^l (j^5s_> C-o»o k^U-SDl O j— o>-lj . ^AUJuJl j ^ j_L*JJ 4-jJa jJl 
Lgj>- j^a ULp LlxS" U-JlxJlj c l— *-a L>- LlxS" ^jLJI OjS^jj <. a-jJLx)! ULL> ^3 Uj j_*-a 

^l ^'Ows— «-^o C A-^Lp^ • I jl -U-l j v >Lx$" ciU^ ^Ja-^o -Lfi j C ^j-.^.". ^- •<>■-) 1 <Lal«P ^Jl 

J Aj*>\J A_P j^»j>t-a La ^_Lp A^a w\_iX-oJ I J 4-o>s-ol 1 oLjJlxJl <^sS LL^~-L-a 

4-jJLJ| j a-o>-L*JI cj U> c-L]a-o2-oJJ 3 jjc^o ^sLo^I ^ >1x5" ^j^2_o2_>- Lo-S" c Loj>- ^ x-a LlxS" 

. ^c-Ua.^-oJJ LL-%J— %Jl oL_A ^3 o-UX*-Jl 

CjL^-al ^j-a (, >LxS\Jl (1 )j_^> (1)1 Lg_Xa (^oL*-a J^3 J (-_U_5L]l £-1 _AXj1 iS 

^ Lp -L*_> j-Lo? -li Aj I j 4, LwoJLp ^.-^-1 -Lg-vXo ^j-od j-<J J (. 4-jJLx)l di-L) ^3 (-_uSsJl 
(j J^O (1)1 J C 03j Jj>c-a US C_-JaL>«0 U— >0 ^£? Lo2Jo>- ^ 1 Jj— (1 )j 5L ^ <l)lj c 2000 

^P Lo->- ^Xa C-J J V >LS\Jl Lg_> (, ill ^1 aUL)L Aj ^xSLa Lg-XP ^J>-^X> ^xl 1 A>t^jJl 

^3 Ow?J L-d-— -L ?o L-Lo-P Aj>s_^oj ^->lxSL!l j-a (j^Svj (1)1 1 j-0>-lj C ^ 1 ‘XaJ 
(Jt)LU ^-a Lol-paXS^ 1 4— UxJl <L-l_o-P ^3 ,*_aL-vOJ t jlSLo^ 1 j ‘LJ^ajJl ^J-Lj 

.^j^Jl ^3 jA-<Jl ^ ^o>c-<>Jl oLj 

Lp ^- oo>c-oJl oJla jj J_o 2 _i o-L-*-wai A-J-LJl j ^ jJ-*-U ^jJ^Jl -Up clLLaJl Lo-U (jj 
L^JJu ^)Jl 3 j_^_>cJl ^ Lp A-^j>- jjdJ Lo j-*-^l A-oJiuJl j-SLul (jl 3jlj c o-uSL] 1 
y^~j>- ^s*j l ^1 jj>- s )l\j jj j>zsS\j a_*j>- 1 ^-<>Jlj L <o>- ^xJl ^3 LJl_*Jl o 3 j->»Jl (< 3 ^-L>uJ 
Ajo>t_Ul j_SLul Lo-5" tjL>so^/l 4-p ^_L p_^ c ^j-^^.ia.^/g.^cJLoJl jUo-U L^oLLul 
cl-Ll-LS'^ A^JgJ-o-ll ^3 LajL>o 1 ^J_P t-_3l I 4J Ja-ol ^o»0>c-o-L) A-^oJ^Jl 

0 j^L-a wULo (1) jooLo ^JJl AUUJl J ^ J-UJJ ^jJ^Jl -UP ciLLoJl Lo-La ^3 


-ft 1431 /3 /20 ^UJI 
AOiJlj p jJuJJ ji jjJl J-P OLLaJl <CjJIo ( _ rr o J 
Jl aI yl 
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4, ulUl 4_a_JsaJl 4 4 Jl2l4 


11* ^ (_ s lc- ^yjJl ^ jrf^ Cr" ^ cs-^ 

<L^S” ^oJl ^1 ^<>Jl £j_^> j ^Jg-j c o oJ-A j . 1975 ^Lp ^3 

CjLs-wJajJl ^3 (J Lo-*JLwo ^ I o3 j ^w>i JJ^Ji cj 1 v 

Ul3j .*1 j^*Jl ^lp J-^ UjLj>- ^3 (^ ^>•'^1 <Zj\jL^ 2^]\ ^yi J_> J_*Jl ^3j *U$ l yg aJ i 

^j-o ^t-PjJl ^lp C LgJu Jj>t7 J ^Jj^l A_x_JgJl ob^>*-a ^ws-*j Ju*)I l clD jJ 

^l^LJl i3^i-^sJlj A^SyolSwxJl C^*^LJj>cjJl ^y> wL-^j Jp~ jry-*~^ 1^->1 

■l-v 5 ' J ijo w\j ' w\-/0 ' 

c ^-aLjL<>J1 ^>3 wLj j_*_U 4_J 1 L>- <u_p jjJl o*}\_>wL*jdl o-L-o~-yjg-j 
• ISj^' dr 4 ^ ^ISwilj i Aj j^zS}\j Aj jjgjJ 1 «C-^vJ>c-a oUjIa^j 

ol j-^-xJjj ^_5LJ V 1 j_> j_v2_j ^3 4_j ^_v2-Jl a_^>-IjJ| L>- jtS\ L^_)l 

^-ws<jl 4_Jg_^j j (. L./g..>&JJ oL-*>L%aJIj LvgL>- LLvgj i*iU*xS"j t(Jl^j» % yi 

c L^JLs j Low^oaJ 4_L^Lwi < 3 LE j}\ 


oIaJ^JI f-bj>olj <aL*x<>J| JjL^JJ L*»L>- LJL>j>- 1 LLygj 1 I ^>-!j 

l jjo f-y>zS A^iLjgJl Aj>c-oL/ 2J| ^..s.o.^7 jp |j_& ^Jl LgJ>-l*»olj 

• ^ L**vU I ^..«.x>..«yg.». 1 1 A»»«Ly«P' 

c ^jbu O ^>s-Jl aJJ cJU^ jJ Lo ^ y>-\^ jS 2 tJlj2p| _ wLo-P ^P _ Jl3 j 

^3 aJ j ^vwJ^ C L~*j V I ^vUJwLlJ < J LlS" jJb v >Lx5\J I l-X-^_3 

^-ws4?l jL^g-l ^-7 t dJJ JJ J . 0 j-v^L*-oJl j-oJl ^1 ^oJlj 

aJ^LwvO 2 J 0 aJ A-^w*)Lw»)'yi AjL^vJ-iJl l.^ A3 1 <^>lx^Jl 

^1 j^Jlj o!e-LJL>^/! a^*>Ij^ tJU>c>j ^Jl ^wo^LiJl ^jc-3 ^j>3 (U a^LUWj 

^Jl aJL^sjJI cjU j jjjJl ^Jl yu^l LoJJi7 y^S^l ^s-s^l j-oJl L«1 .a^S" ^<>J l 
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*. » IjlSvJ I I-L& ft ^ )) 1)1 L^_Jl ^^Ig-ill L^JjLj 

. 0 I j^J>c-a 

<^j*>Ug ^jJL d)I Lg_S’l ^j}\ c_jLx5sJI I J-fe ^yJl jj^>Sf I ^ 

^yJl c ^liSUl 4 _» L^_j ^_s o^jl^Jl c->Lp j_p_>c_>s cjIjL— p 

<Lj2-aLpJ <Lp_g_<-a ^«/2 j 0-j>o c llLo-l o A j>-j. 5 ^l j^^-> c~pJl Lg-^3 

^JLJl J^LjJI ^Jl L&jj-^*_> ^ t ft ( 3 . 8 6 ) aJ^L*_^J 1 jjjLJal® ^JJLa 

! v i jJJg-pJJ UL> j a»oLj?jj 

. l^o^o..yflj ^Sj ^_3 A^S" y> o^Lo ! jJa]\ 

oLJl AlL^a jjl>do (1)1 jLygj C-jLJJ ^jj>sJl ^->t>Jl Jjj- ! twJJaJl 

.(3.86) aJ.}Ix_pJ 1 c i^\ <. 4jws^U>cJl o^LoJl Allia a»jT j-oJ! 

^i-P ^LoJlp'yij I 1)1 £_3 jj! Ills c ^1_P 

(J^l^-J .IgJl 1 jJ-*j 2J (1)1 (1) jJjL>o ^Jl c_3l I Laj (jjlwLo ^jjl ^j^a <LjIj^ 3 
AiLjM aJL**vpJ 1 A*-Jg i^_3lj J^l^o I jJ>-j^Iu (1)1 ^_g-J_P C jjJ^l lj_g_> ^-ali 

<U3l 1 Aj j j]\ ^y> Lp jj Ij^vJlSsj (j! i^^AJgJl ^j-a Jj jl Ulj . ( Jj>cJl A^^Js? ^Jl 
C dXJAj ^d-P I . ^ Lp» 5" 1 ^J.^<wvJ 1 1 jjk-^jSj ^ Aj jJJg^pJ I aJ LwvwpJ I ^ .^J j Ido w\J.-P 

L-L^l l)jjjJgj LLa i aJL^j ys A^La ^.Lp ljj5^ d)l ^j^^jl ^^j! 

A^w*il)wpJl ^Sj 1)1 l-ygj 1 ^3 jjIj . cIaI £-LjL)^[ Ij A ^>Jl .il j^pJl i3 ^3-*^o 

J-alS" ^5 jLaU Us> j^^Oj ^Sj *)! ^)Jl t Jl>- j^cj 0-*1s3 jj ^xJl 

^_3 j->lj . ^ -^-tf.l 1 e- j-wvJ 'll L>c-a t ^)\_j ( ^3 *• ^- } j-Ss-J^-a tLow^S djl^ 


aJL^pJI — Ojjj^wa o jJ=2-^“ ( J £ 1 jjjygjj 1 j^-jJ^j (1)1 < > 1 ^j-a ^lijj^" 

^ j U g-P- ^>\^a 1 j_*_v2j 1)1 £-3 jj 1 U5 C A^jIj^ 3 o J_pLi ol: ^JJ-Pj ol A-jg-^al jj 

^Jjjs (1)1 jA-Jal llli . L^dwa o J^pj-*J Ll-P aJ L wvwa ^|5* AjL^j ^3 ^U-L^JUjI J ^jLjJjo J 
^ j-Jl |^JLp ^3 ^UJl j AjjI ' l/ 1 y^T ^ Ij 0 1 LojwXj djLUJ^JLpJl aSj& 

. A~ws*3 UlJ lj ULj2j 1 ^tS"Vl wLiJl ^JLp j 

jj-^p-P ^ 1)1-^*“ ^1 A-wJLp ^3 Ajs^Lw^j ^JjLw^wpJI Aj>cJL^a (JLp-S"1 1)J 

ciiJj ^-Jg-^a 1)1 ^jj t 1 wX51aj . ^L^>c-^gJl ^Jj>cJl ^P (j-^3^ Cj>uj <Ul^pJl Jgj 

^ J^wa ^jjs l^J Ajsj^)\J 1 oUgb jJl J .(JjluJl aJ-^j Nj Ala-wwvJ 0-*^wJ ^JjL^wpJI 
t^li-olSwpJl y*./Q,3 ^3 Ajj ^pJlj A_5_L«JLpJ1 (J jJ->sJl ^I^X-w<jIj C <*.£ ll ^L^JLa 
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2JUS y# ^LpI i) (j! < ->0 ^ l)J y& <L~j>- c (£j ^^woJl 

y* ^0^1 <_£ ^L^vwoJl Ob ^_3 j,A *.& ] 1 L^jg->J <Oj ^oJL 4jU_*JL<>Jl 

. (<*—-> ^JJa^Jl 


>Ij_L)I ^jLaAj>- Ij j-Jo->~ ^jAJ| ^yP L>c_^> {£ ySjL) ^j_P j_-_p| (1)1 

1995 j»lp Jl 1971 j»lp ^ blJ^al iib- 80 Jip Uo~u> j_>^> ^Jl o^waiJl 
^Jp IjJ^L- jJLs c «l>- ^oL>JI ^Jb'yi ol S j-JL)1 <u>j Jn>cJI ol j^>c^J1 

dJJi cJi*i U5 c I J^_> J? bjbJl A^JgJ' o J-& ^J^wi 

-L« ^J_p C-*-^>j^ ^Jl c yj j_JL*Jl ^J»p L^^wLp ^1j ^Jl «l^*^jU>«J| t^_3 jjLvaJi 

. \ y+**»t 

iJ L& s-Lj jv4Jl^_y^= ^ Ij^Ji ^jj-Ul SlxJjl ^SL;! 

si - \j *y ^ ^j_p j_~pi oi l^2_jI j^^jj ^ - la u 

J^-l ^y> (t_JaJl ^ LJb*- j-*j) (Patric Barr) jL dL Jj L \ US 

l lUISlI 4j«_JaJl ^3 l^wO jv-™3 j»JAjud I t^Jj^l 4j»_JaJl <La»c~S , ^Jl j— »<jJl 
i_jjil ^Lijj (»j— ‘jJl J^-l j-o (AnnHardell) Jj^jLa jlj 




IS 




i iJliJl k*.)a\\ 4^JLix^~<Jl (Adobe Illustrator) 


iGML Jl J/aj j IBM Jl ik _^kA^= l*jUSl J^-l ^y> (Karen Devens) 

( _ r Lp oJUJLp «-L-il L^jlpLJs J^-l j-a Norma Guynn jjj-S L»jjJ 

.iJlSCJl lift I 



1998 JjJi /jL-J 
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4_a_daJl 4, oJucl o 


Lo—3 aJo <LjLJL>^M dJ La-wJajJ 1 l y* 4-J^d* j-oJl ^1 j-d_*J 

Ol ^jUaJl j^xjj .(jjjJl — OjjJi — _ 4jldoJl 4^-dJ <LJIp 

^1 4_4_L$Cj d*«-^>- (1) j^«U _ 4 _^*iL 2^>- 4_^>0 d^> I ^LoLv2_flJl dJ L5 

^J^du 4dT ^oJl ^1 ^<»Jl L^_> ^j^Usx^Jl LaJJpj .4JUt3 Lg-p <u5" j^>Jl 

4jald>t-A 4 JL j\a-) L^<w>_s^j *to L^jaJ \ d^LS" djl ^jUaJl y# tA5" d)li c ^J*alS" 

. 4_JL>sJl Aj2j ^JaJl ^jp I jZS 


^lp ^-'-a ^ 0w ^ j***)! \ ^3l_J (_5^ *dS" *L w<jIj. 5 ^Juddu 

^ ^-oJl 4Jld«j ^.^LLoJI 0 JkJ>- ya j*S* 4J j £_d_v2dJl djl j j cJ^d&Jl 

ll)! i^\ £_Jad~u N t 4jLjL>sJl ^3j ‘(£j ciLolSw>Jlj ^2-ldoJl oJj >- ya 

^Jj ( j_*< jL^ Jwwou jl ^->- dr 0 -^ co^L>t^»Jl 0 jjs> Jjj j»LJl |» .g a! 1 ^Pwb 
oLJL5Co)/l <dP jjjJl O^/U^Jl ^jdjl jl wL>-l J ^lp 4^L<d_kl j,^/2:Aj jl 

^JulJLa ((Sj oJl) jj^3J_Jl cil-oLSCwoJl j\ ^wo-.>,^?-l 11 ^J-wL^cdJJ 4_*-wj ^Jl 

. ^cJl . . . t ^x>-^j>cJl i^j ^LJl t^lXolSwjJl 

< L^*iL^*»'yi ^ww&Li^oJi ^_Lp <. — i ll?j ' iwAj y& •*— ■ ij~& d)| 

4*a Ip 0 ^Jg_) y*** yj^XjLi ^>«Jsj C ^*-3 l^_) ' ^^3 .4^5” ^^- Ss-o I 

l)^)I^^qJ| ^ y^/SJ3.x ^] ' <Z^S>- C ^>s 4_«»^| ^Jl 4P 0*1^ ^P 

JL>^JJ 4_) I ^_3jl_X-^>Jl ^ jw\w<>J I cIjLp y*^ d^'^/ L>c_-o>J 

0 1 <dA^JgJ' 4^5" ISCwO Jg| t 4-^S" ^oJl ^1 ^O'-L) 

^_-_v2_> ^-5" OwL)J_P 4 ^jL& dJ— flpl .cLU^ J Ldo-S" ^ 3U^L 

.wL>-lj ^j.^.,3 •> ^^3 4_*_d<>J I di l)15v>s^/Ij 

4JuU 0 Jp li j£ y ^jldd>Jl jl tJ j_flJl ySL<±j L 
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<j j! I ^ajJ o j+zj>-\ di j c SS-*)! d^Uol j oLd jJu ^LJjJl 

4_>»*<^^,_doL 1 O^LoLl £-Li»ol — J C ^^-L P O^^Lp . d) J l^dJ 1^ 

J-L? jJ tlr° t *--l-taj ^ d> j->cdJlj 4_> ^JajJl AjjLfl^oJl ^>s dJLp 4 j>-j^ jl^_Ll 

. <Jg.-.X".«.^.^J 1 djL jJgjJl ^3 A-A^J 1 

dLoL5Cw<Jl ^ j»>a 0 d— «— o^-oL ' ' ^ • < >. ) ' 4 __L«»*^L»»»a’ ^J—a LS” L .^Q 1. Sk ^\_1 ' ^ ^ -3 i„ - ^ 

^J_P ^JdaVl^ ^tf.^lg.ll C ^*jLvSd!l 4_> jJg-L> ^*a ^S"LoJl cli-uLSwoJl^ S3 

<l%S L> j^aJ I AJ^dJl (j y>3 t L&jljdjd j L^l*-J j <L>c_^a.yg-] 1 e-ld>t_>l ( JdL~wa 

<d5” j-oJl ^1 j^Jl ^j-p 4_v2_^£d^a 4jJwlia dj>o CcJj^l ^JcvAjsJl ^o 23 . ‘L*c_*d’l J ^d^L^odJ 

c ^jldJl ^JuyajaJ 1 ^3j . 4Jjd j]\ <-oL^o^ll d^La^Ja-dll ^3 l^U-*Jdd ^Jl £_3ldJlj 
C ^1 j_OwU d^^d_d_g_Jl d— d jdJl £-a 4_3 Li j_U cjLx_d_>l — 1 djli*}Lp <1^-S j_P 

4^3 ^d3 <. LdJldil Jw2jJl Uol .ds^jj^>dJl ^tjLuJL Lj IdoJ 1 djL j^-> dUdS” o-> jj-£j 
^1 t^lLolSL-a 4jjLLa Lo~& <LjLLa ^d£o 4_12 -ojI j^LwoJl clLolSLwoJl ^_)dJL 

j*-JiJl (Predicted Moduli) i*i jdJl ^oLLjl d-oj j3 Lo-5" . Aj J ^x>Jl djLLa j 

0 *£* o . 4 _*»**^j 2^«J I 


2 j L, la dL*Jdo ^ L ^-jL^adll 4_> £_>1 j}\ ^ya fl.ll ^3 


^a t dJLlaJl A>e^Ay2 ll O^L^>cJ 4_*_3 j^doJl jLI Cdoj t <dAdflJl dj Jj>- 

I gJldl 

>dr>' 


^Jl (. aSl JaJl 4j>c^^ygJl 

t^UJl J-AflJl 


djljid Lvijl i, 

-> ./g* ]lj 4 . a. ]a ll 




L5 C do 

li-yaJl 




La 


^■JLs/Zj d^l^wOwa ^IjJddoL 4.L L^o OwLdv^a 4j>c, ^ ! jl^lA^lj Ij 

djL dJL^wa ^3 Of-L-^P-cJ 1 dJ^>LaL*-a Jajl jJ djl j-oL jLg_Ll jjdf-l ^j-a 4_i_ld>t-a <dd-L 

^j-p dj L5 j>c_L<>-j ^LSLil j^s>-\j .^jLs^ ^-*J l jLI j ^iLoLSLwaj 

LojJl ^jJ_>cJlj dwoJg-P^y 1 ^jJ_>tJl ^j_P J C (djljj-wdjJl) djl^Jj-^Jlj d->lij_dv2^>Jl 

cJL^jLI _ ^l^-l djLd>da S^3 ^^’■J j-^da o^loJ 

^f-tAd) <Ll c Lw«-aL>- Lids' o^-SL J5Ld v >ldSLl 1 -L^ v — *zS 

l ciULJ \Jl3jj .a^S ^oJ 1 ^1 j^o-U ddlLJl d^»ljdJl ^jd>- 1 *]>LJ^ (j j_SLJ \j^j>- 

l) ^ -Xi L^jI ^a td^oLwo^l ^w^LLaJl djL ^JijJl 

c d-o ^>dJ 1 gjldJL d jLLa ^JL>dJl ^LdA^l yS y di] .<3^ ^5*^1 


dJ jJl ^3 «L>-1 jj dygdoJl d^*l>Ll^dJl 




L^jIpI ^ a djy>- dwO^LxdJl 1 C Ajijjl ^y2JL)\ di ld_* (jj-SL Lojj ^ 
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A^ljjJl ^y 3 j-oJl ^y 3 wbwX^Jl e-Lo^l ^bSsJl y^.^a'l . ^* 0 3 1 ^J5bXu 

^wiJCLa j J^ 6 C5^"^ Ao2_L>- b j y^* 3 (1)1 (^jUiJl ^J-P ^ . Afl2>- *^\J I 

— b/ 1 oLE*!>Lp (JjLjo a£ jj£u* cjLaL>- ^-Lp j I 3>l j_oJl dbo l_Sbw>3 ^_s 

^P i)j ^oJl A3 jX^o yp*^ t cilb isLbj . A>rb^ )1 Aj^Jaj j Ao^Aj <JL*jLI 

. L ^J>“ IXwJ CXwwvw>. ) Igj I ^*_P J t A^ Ij y£* I ^>5 I LXoJ I Owij>- 

^ jJl p. ^ -o. P ^ ^3 A^>-j^ ^g. yg - 9 ' ^Jl yy^ j b Ij-jLS" l)J^Xj-XP ^^L>c_Jo| ijlXA 

. (. ->bSbl I J~& jL>sj^y o yaSP> 

(Dr. Stephen W.Tsi) ^L-J .j j^xbaJl Jbbb jiwl <1)1 Sjl 

0 ^1 jp^l (^wt>s ^lp aIXoVIj J Aal^Jl ^lp (b^>«Jl (_£ jJjJl .5 1 y° yS*x^a) y# 

.OljX-w- oJlP ^>-1 (J^>- AjL^>-jJ ^ipj CO^>-'yi 

<1) yj j-> »j jjxbwtJl SyQjyj c (Steve) ^^jwLaJ ^J_>Ij 

^UjJ (Delaware ^j*>Lo i*-«b-) ^y> (Dr. R. Bryon Pipes) ( _ r ~->L 

Pratt and Whitney ol j-j ol jJlt) ^ (Dr. Thomas Cruse) ^ j 

oQL^^LJI JoJ_*Jl I j bJ-LJl it jJabx-^Jl I j-*-^-lj ^JJl (Aircraft 

I jj c > l_X_SiJ I I j_& o^bo ^_3 I ^owfi>L^> Oj ijl-LA ^Jbjj .OwL^ixJl 

y~Jpyy\s->y Jl y^r) y~* (Marvin Howeth) o_>jL& j^JjLo ^Jl ^ ^ JlJ\ 
^ Texas (Forth Worth) Ojjj Ojji (General Dynamics 

^ OH" Jl) ^ j— i (John Pimm) o j_>- ^Ij io-X->JL*Jl ojj_^> J_?-l 

S j j ya ll J^-l (LTV Aerospace Corporation) jJLjI 
j-^a) ,j» (Nicholas Pagano) ^L^L; jSLj jj^S ^ Jl ^Ij 14.7 ^_^SJl 
il)j . j Jjj 1 j^)\ Jl5Llh!l jlr^ Cr" j _£jJtJl 

^3 ^Jl j j-aJI ^y 3 ( j^jL 

(Dr. B. Walter Rosen) jjjj jcJjj .i_j jjJlS’jJI S 4.6 

jJu ^ (Materials Sciences Corporation j-1jI jjj.jjS JL^L) ^5 

.3.5 ojiiJl ^ oj j-^aJl J^-l y> Pennsylvania lJliJu™Xo ^ (Blue Bell) J~j 

^jLwOj_S" ^!L«Lwl_iL . a yo l -h 3 jJ_sl Ijlj 

t (Westport) o jj jj j o . (Technomic Publishing Company, Inc 

i_jLA1I y^J> ip LA o^LpL ^U-Al Jl?-I (Connectticut) c^A^SLj 
^3j t ^hL-o iS” j-A oJj-tAl iw^xAJl ^3 LLL^j o j^A jj o-Lp 
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(. ciUJiS” oJUJ-sJl ol {Journal of Composite Materials) 4_L>=-a 

— 4jjj>cJl (S ^ ^3 c_«JL5s^j) *La~li ^-PwLU I wL>- Ij! 

L5\-woJ I ^-al_j jj _ 4_j ^_> c— Jl (^L>c_jI ( g- L v?-j 2-I 1 ^ °j^|. 

C^_JL3 j_j 1 y . Jlj oLl^iaJl o3J_*JLa Ia^J L> J^_L*JLoJl 

<U-w*»ljw\Jl l.yg.j’l ^V^JwLa Ulj .^LJlj yX^qji] 1 ^3 

^ j (Southern Methodist) c^-~o 3 jl~a aJL^JI Jl^o 

iJLLL^jwo ^ (Warminister) j ^ ij^Jl jlj-i* jtj^ £ y 

j JjJ 1 CjI ^5"wLoJ|j jj jJaJ wLpL^o j j-y*& ^J-P 

Ly£?li>- I j5w« 3 ol Jj'y c <j L^ jJ I > LxSCJ 1 Ij-A i, aJIj ^Jl 4_>LgjJl y 03 I 3 

oyljJl 4jUjfcL^ ^Jip (Harold S. Morgan) jlpjj^ jJjjU Jjh y I y lo~a 
Iphk j L^aLi ^Jlp (Marty Kunkle) J-S^IS" yjLa J^-l y j ca_p^U-<JIj 
L^-L a * 'yr 4-£* hJg-j 0-^3 ^^jL> ^-LxJl £-a ld-£>) <UjL5sJl ^J-P 




■ct - j 


28 


A-aiLall 1 . 1 


<J jVl 

Jl J-4JI (jl\ J^JU 


(jLuj Iajs a_ixjjLujV^ a,\ s uaiV1 <j1_^.V1 ^a (Jj-aall 11 a <_ja l Vig.ll (jl 

?<j£^a11 SjIaII ^^a La 1 1 1 (J£joi] 1 ^^3 ^lll t cijl ^ Loijy 1 j a^£^a11 ^I^aILj 

s ; tt * 

<j£^a!1 j1 ^a! 1 ^.iVuti'i l <n^ (3) j ?(j-ilx-a]l <jA <j£^a!1 j1 ^a! 1 ^.iViui'i IILaI ^2) 
4-il^ll <C. JA^aII L_flj^pu ^»JJ L_S^juj C^xhc Wllclt) 4 _iALa 11 j)A J ? dll £ LdV 1 ^3 

^ il'i^ll 11 a (J^.1 (j-o IjAbajl j£^)dj tilll ^au . l^ll jjaa ,li.ldj l^id-dj <j£^)a] 1 jl jaII 

<x_uia ^_3 ^Ic- Ijj-lC- L aaa L Og \j tl^dl j . L_fil2VLj oIjIaII A j<i 0-all <j^^a!1 jI^aII ^Ic. 

^jl X^'l^lj L \kS-l') djJA tC^lijl.^jAll dV-^-XA 4-lajujl^J lg'*Vy Wl (J jl \'lu) ^lill SjLaII 
4_j^^a]1 ^I^aII IjI^a ^ 6A_jIx] 1 (jLd *li&1_a 11 . dl^LdVl^ 4 -^^aII jI^aII 

^^3j .A-iSldal j^^kl ^l^j AiKll J jjj^llj Sc-Lud^Jl J <j11a 11 4_l^.lj (jA jpLxAll ^jlc. 

J jUjj aJIaI ^ ^Jdll ^xjj t Ajqj^ll (jLoiJ Clllllll J>J1 <jI_^.V1 ^ tAjlgJl 

(jjijj tlg_iA dVL^J 6 j t u^3 A_ikjjlj ^ j 4 <j£^)a11 jI^aII a Ag a A^Ldl 1 ” ilqj Ovi 
CjULaj] ^Olc- ^3 ^1 ^)AJjujLj Jbjj l^)j^ JaI! ^1 ^a] 1 L_lxl C > lUri ^dll Jj£l dl^)^)JA U1 

. .1x11^ ^^01 

SjLal) (J& La - AjALal) 2.1 

composite {k£jA\ sjU) jjj*j]I composite (^y) AJSII JjS 
^LaJI (jjLLaSI i_$jij^a ^jic. (jl aAaJ: j!i£l J\ jjijjLa tilliA (jl ^Ic. material 
ja La (_ 5 ja jaJI jJ ^ Ij .ajIL Djji» sjU JUul macroscopic scale (^jjSLJI) 


< microscopic scale (j jjSjJI ^ $.inc. <ifc^A j ja 

^al^)C-Vl c£ (J^.1 O -0 — ^^llljJI S^IaII <_j£ 1 t Aj'OxaII c^jLiudll C' iWj Ia£ 


la jjJAJ (j^AJ V CjUj^aSI (jl l^A J (_£jJjAa] 1 ^gic- 4-uljl V'^ — AJaxII 

.<Lg.1^JI z\Jj\ A^^jlxliA ^joiLujI i — a^jx^'n l^-jl j ij J^-vaII ^jjxll A-lajujl^J 

(JjJaSl a^lc- ^jg,3-Vl — Ig A)Ax«Vi ^aJ Ijj — Lgi! ^9 4 j£^)a11 ^I^aII S^Ja 

* s 

Ig.^tlAj V CjIaJ (J>13M ^JflJ jl^Vi C5^J l$J CjIajuJI 

(Jj£joij (JjJ^)la ^jC- 1 g UxaiVi <_j£aj (j-sajL-sa^J! jja*J (_jaj lA ^Jj-salic- a ^1 

! <j£^)a SjIa 


L_±*lill ^jaC- * 

4jIja3I 

D^l^2kll JaJJ^)All cil ^Lulll * 

S^Luo^JI 

L$ jl J J*JI • 

(J£Ij1I ajIua 

AjjI^^JI 4 jL^t^aII • 

c-I^jjaV^ 4JIHa 

Cp J j*JI • 



ojjM 


:Sjfclll • 

fiT jit 5a\it ^a U 

Mill • 


s* # 

*jjj iS ~ jil il jll iili 

:IjL£Ji • 

s> 

?<LJLiJ^!' Oli LJ a J l (J iS~ jll il jll ^».utu»J i_a«^ 


Cjtf LiWI J 4 jSja]| j!ja]| ^j^caj^a <LiuLuSf) AliuiSfl : 1 — 1 JLuJI 


jjiij a-llc. j»3^ ^ L<^ td]3_j]l (_ViiL lilij x. V tJLaJI AjtJilaJ 

^1x3 ( A_xs (_j-3^)Iju 2JU. ^3 ^aj\ > ---»''•» il w '^*'» J OJ^ ^3 
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^-^jjaII l Og 11 A j\x*a^A]l (,JjlL<i (J^xJl 4 JIS-JJ (Jj±ui 

. 4jajax.^vi1' 4_a£a11 <j^1^a!1 dll ^iaaIIj JailS ^\ a \\ SjIa .liljj ^9 ^JaLuiiJ 

4jldll <jl ^c._j . (JLa*!1ujV 1 (j-o jI^aII ^W’ia i 


t> J) Clil jLjjj CIL/L^juJI ^ JA^x jlfl t<9 J^>XA J-lO tSlSiS 

^-jlllA SjL^J (JaJ ^JA J (Jj9 O -0 (Jax!1ujJ (Jjdilll (jl£ 4^t!lA .<j£^)a]I SjIaII (JI£jo)1 

1 a.V^C- Ja^XjJaA]! L_Lai^JI ^j^J^)x^iaH ^a, W" u J Ia£ t ,_ja C> 

^jtiAj AjIHaII (_ja 4-^.^p (_ja A ng‘i S^lc-j (_j£aj Aji\ (j^ 

c^Jajoi ^11 ^)jx«aa \\ ^9 j ^j-aL-aliAl ^jc. ^^.121 ^■liajVl ^.IaIII 

- * 

11 ^^9 IaI C<ail^-A ^plxA ^ja (■“ ll 3 jJa SJC- ^1 . W'uaiIj ^ix-aj LdjJjuall Clljl£ 

LaJS i4\"ia‘i ^A\ L <aljl^lj ©I^aII 4 J-^kYll <3 j^x^ia]I dil^ <j£^)a]1 ^a! 1 jU t d vwVl 

^ A_1aAI Clilj Uxol Jj ftS-Lul^JI (jjjli Jj A-bao] AJlc. 

.AjjLjaall C1 jIj£^)a]1 j Clil^jjUall (Jja A_xjjLa^J 1 ClAq nJa'^1 

t$j(jj^4j *L£ ja1\ Jlj j* 1\ i, flju^al 1.2.1 

jl ^ a! 1 (j-° Jjjill 4 -j*j1_uj ^4^jl 4 _xj^)I 

.^ijikAo (_ja jJa t flLili ^ja i^j \ ^Ull ^Liiiill Aj£^)a]I ^I^aII 

• A q\'‘l'N a ^i_^A ^_ja djl_a±Ia ^_ja jj£jj ^ yi.lJall 4_l^-jlAx-a]l Aj£^)a1I ^I^aII ^2^ 
.<3^ix-aA ^)AjJa (.** \\ \\\“\ (_ja C_alljj ^ n^H <j£^)a11 ^I^aII 
.L^_1a (js^x J jl 66^-C.l *©^)^£Ja] 1 Al2Alill JalAJ^^ <^^)l xxi'V i djla jaVi ^4^ 

Ul ^ A_iC.^)i]l ^LuiS^l ^^3 ^jaSIjj ^ Aj£^)a 11 ^1 (j- 0 o^A ^)jj^jJj < 

l_jjLa1 <ja [1— 1] A. G. H. Dietz — a .^ .1 Jj ^jj^a 

.4_iJa C jIa jIxaSI ^^3 0 J ^^.^aII oJIaII ^JaxAj 
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A,j4jU 1 AuS ja1\ jI ja!\ 1.1. 2.1 

^ja o^lxja-y j AjtiA jj£I 4\jj1 A 1^1£jaIj AJjjJall <^_a gftfi j^AJJ 

Aic- ^U.jS ^1^11 ^)joi£jj cJ^- 0 ^ a-n 11 lg,K d SjIaII 

^Ij) £J^)a JS1 (JUa^j^M (_ja djlj ^J xa c — S^'\ JailS (JjLxj djl jig 

l^Jl£joll ^^3 A-i^.L^.^11 d\\"lA'l l A \ u 4 ( (Jl^JOlljli-lA 20) (psi AxJ^)a] 1 Aj-a^ll] 

li-i* 4800 J] 2800) psi 700 J) 400 ^ CjIajILq LjL^j s^sjIaII 
.^jLLaII ^k Sjjja^All Jl£diVl ^ Jl^joiLliaA 7000) psi uj^ 1 es^-^J $(JI£ja1j 

Ia <L^)iiJ A-ijl.V'Vu^l A_iaAI dJi A-ialj^iAll Alinjj L qj^j (jl lij ^idal ^11 ^ja 

(J£jajj .AAjLaijVI d )\ qn)v ill ^k o$*-t Iaa^.1 c > vvjj tAlijlliA ^jjV'i J] AauuIIj 

^Jj ^ ^ A^^kli (J£ja 11 ^jC. L <l*\Vi ^_ya j! L dill tdi2Allxi\ ^3 A3 ^)IAa 11 (jj 4^-j-al 

6 j^lc. . l \)\\\ JjJa ^ djljjLll c qA-ax^d cc_il_JVl .i <n" Vl-<^ A_n21 

4^\aa3 4A_ia^^J1 o^LaIIj <jj11a A-ilkUl L-JjjxJI <ja J 3 I .1^. jJ cdlli ^Ac- 

^1211 Jidll dlliAj 4 (dislocations) dAo!>UJ Lf Jc. <_$ jld jl jaII 

A^k^ll (J£ja]1 ^JA (J 3 I 


LiLJVI ^ya iLu? v 

IajIj 4L_Lul^ 3 ^iaali J] clj^^ 4_i»jdl 1.1^. A_JlxJl A Ajqllj \unX\& L ‘<j \\W jjajj V 
o^Lai^Jlj AjIiIaII dj^LolxA 1 — 1 (Jjd^JI ^3 (.y^ o^)3-iqj lx>>jl 

^jdnjudill ^j^ajS JajAjJA c > u*i^ LjAC-Lk-aJ o jV’v^a jl ja o^C. c_fll_Jlj Aj-al_k]l 

jl tAj^jliAll 4(J dj^)£A .(E/p AilA£Jl Vo^La^JI) (S/p \ajIHa11) 

lJ>\M\ O^jaLiaII AjjllAll (j^lj .'AV J jdljiillj jj’ia'V 1 JjA A*jLa]I A-ljLAjV^ 

J1 5! It 

^ i3a‘u*i i Ai^Sj-aAJ JaL^_3 ^jl ^ t 4 V j)/^a 1^)a1 c‘ UjjjI AajLajV^ (J.Ajla]1^ 
~(JLax2x2>U — S^aL^." AjjLajV^ (J^IxaII ^jl (j;!^- 4^jUjj ^jAjJa 

^‘lUti'i (JLaxIujI £jLa]1 AjV 4 SjLa (J£ Ailj£ ^aJ Ajl A Ja'Ol-Ajl 
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^9 <j-£al_k cLa L ‘l\\ 4_illjL9 4Ailij£Jl ^1\ O^Lal^Jlj c4il!i£JI 

.AjjLjaall C1 jIj£^a]1 j Cljl^)jUall (Jj-g 4-ujLoi^JI 


( (-flLJVI (j*ajluaik :1 — 1 Jj4aJI 


E/p 
in 10 7 
(Mm) 

Ei-luill Og.1 t>i~V 

10 6 

lb/in 2 

(GN/m 2 ) 

S/p 

10 5 

in 

(km) 

S ( AjoiII 4jtxa 

10 3 

lb/in 3 

(GN/cm 3 ) 

pi4iliiSll 

lb/in 3 

(kN/cm 3 ) 

J Uuffl 
<4UI 

11(2.8) 

10.6(73) 

9(24) 

90(0.62) 

0.097(26.3) 

^ ^LLall 

10(2.5) 

16.7(115) 

16(41) 

280(1.9) 

0.170(46.1) 

^ jojUjj 

11(2.7) 

30(207) 

21(54) 

600(4.1) 

0.282(76.6) 

iVji 

11(2.9) 

10.5(72) 

54(136) 

500(3.4) 

0.092(25.0) 

E- E Uj 

14(3.5) 

12.5(86) 

78(197) 

700(4.8) 

0.090(24.4) 

S-jrG.j 

53(14) 

27(190) 

49(123) 

250(1.7) 

0.051(13.8) 

OJij£ 

66(16) 

44(300) 

37(93) 

250(1.7) 

0.067(18.2) 


65(16) 

60(400) 

54(137) 

500(3.4) 

0.093(25.2) 


72(18) 

37(250) 

49(123) 

250(1.7) 

0.051(13.8) 

dual jc. 


.[1-1] Dietz Jjjjj o° lw^(*) 


ClijS 1^x11 L_fll_illj ^L<uaI tilljA 

(rayon) (u. 3 ^,^) ^c-LL-all ^j-o a j*j\3-a l <>ljll ^j-o ^l£ ^ \ k ^- x \ .4_i&l^]l 

Ig.nWi (polyacrylonitrile PAN) JjJ' J (pitch) <jl jJaall J 

.c-iUfrl ^ ^ (1700 °C) 3100 °F J\j* J\ J-U > o-® 

(1700 C) c* nlg.'ij^a 3100 tdiial j*ll l-aLII ^^Jc. 

5 . > 

^A 4_iixall * <j\ij ^jl . C‘ 1 \°i\ ^ u*j^' Jj^ lA 

(jlaljlj) J*l c. ja (fiber tension) <— ajiit y t> <_j£J 

(J-alx-a 6 j\j_j £-<a 6 tjll j <iLjaj <jlaj ^9 

^ L-flUlVl Widl JjSl <(fiber modulus) l-LUI 

<Sjg.Aj.ij t ^jol3 <Ll9 (jj^j tillil cAjjJoJI q -a aJL^JI 
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. L*Ij) i^a ^_iaLa 3 jd ^jAjJa Clual^)*J! jl <dl_i]l \ ^jl ^.jJ-vid l.l£Aj 

^ y 

^ILaj q\ ud,n lAIxm ^)^31 _jldj £-djJ A J^jaI^j L <a\ j \\ ^dd t^liLalljj 

a^9l ol^J ^)3-a^l L^Iaa LiA t flLllVl ^)ia3 (j^fLl dj^)^ L) -0 AjLa 3^ A_a±IaJ 

. lilji's.A ^rjd ^ V j Ig.j'n ^j^aj V ^Jlillljj c A j^j'iI^jaII ^j-alx-a^)ll 


Ajj^LlII Ljlj-juit!) (j * a lb*? v 


^)iaa Lu^j tc. <aj\ \\ <Jja t^jaiLail d (wisber) aj_j^131 o^)jjlja]I i4\“ia'i 

d ^J^qll ^Jl (J ^lall Ajjaj (jl £a to j'n^A j 1.1^. o^)Jj-a3 ^alc. (J^d Ig \*\\ co^j^Lll Lu^aj 

# f s y y * 

AijlLo ^C> C C5^ V1j-G AjJ^lJI 0 ^)J*_ia]I dj i^A J .did o^c. ^Ijj 

jdl Ajj^UI o^jjajaII jjl tilld ^g-lsuj .(_£j^ 11J1 — 1 g,K kli )—'c3 jLaII ~ A usAj*— d^Adl 

; . s: 

dl ^juaH ^JJj .A_1 a ^-Ic- 1 ^gajU^T^k i^Uia'i l-l^Jj tL <aj\ \\ j)A ^11^. ^La£ 

(J^judJ dl^)^h]l diLid-al ^gJj (_£djj Uaa tlj^. )» x^~a ^jA, yiAj jjliill aJojaI Aj^j^LII 

y * y a 

^JLj Aj^iaj ajIiIa dl^ ajj^L Ad !>liiA ddJI o^La .JL£1! ^j-i^. 4-jjld 

<_£iil ^ jaj^Loll iVjall lililaj l*;!?. 20) 2900000 psi 

psi 75.000 psi <jjj ^jlj2 Julia ,j^ LS ^j <jj5i 


Ajjiiill -Lillall t jjj jjj£]I Cijliilll .(JIS-L li^a 690 ^J 570) 100.000 

y 

A_ajLuJ! L-Jjjx]! . 3V AjjjLJI A_mll oJj^^aII L-JjjxII qC. A \\» $\\ AjIIaII j 


ls* j ls* ajJjaIojVI ^Uaijl) (dislocations) <^4 

Ai^UJl Cjlc.!])LkjVi .(ductile) aLIIII A jaII ^ aJj^aj 


^ja Aju^)U1 AjjjIJI o^jxja]! jj V j . 1 ^j» L,i>j o^Ldl ajUa JULj ciilj^lJl 

Cljl^JJXjA ■-*1 I—UjJI ‘ i " '' r -^ ^ ' (_JA IjLOk Jj,Wa Jl.A^'1 

2“1 ^JaxJj . ^.A^k^kH A,K^i jsl\ ^ja -Ijj^Ia (J^jaj AjIHa Aj^j^LII 

jA Ia£ ^j^Ixa Aj^Ij ^a ^ jl jj 3U Aj^j^lill CIjI^jjxjaII ^ajlx^vsl A Via a A^ja^a 

jnx'i V j cLaj^Loj (JaxILaj ^jl V l <al jlVl (JL^JI 

.^Aj . V'lX.J ^ tf,A dllj J ^JjU! dll ^)J3 Lja]1 O^jaIaaII AJjUaII 
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* Cjljjauiill (jAjluaa : 2 — 1 Jj4aJI 


E/p 
10 7 in 

(Mm) 

(JaLla 

i dull '/y-1 i lin 

E 

1 0 6 lb/in 2 
(GN/m 2 ) 

Se/ P 
10 5 in 
(km) 

ajIaaII 

Se4A_uj jdl! 
10 6 lb/in 2 
(GN/m 2 ) 

aaIaaII 

SjtAjjIajll 

1 0 6 lb/in 2 
(GN/m 2 ) 

pcSiliSJI 

lb/in 3 

(kN/m 3 ) 

o^ajt-uAI 

j^LlI 

Aa 

6(1.4) 

18(124) 

13(34) 

0.43(3.0) 

(12) 1.8 

0.322(87.4) 


10(2.5) 

31(215) 

17(44) 

0.56(3.9) 

(21) 3.1 

0.324(87.9) 

J£jj 

10(2.6) 

29(200) 

67(170) 

1.9(13) 

(20) 2.9 

0.283(76.8) 

AjAa. 

71(18) 

65(450) 

106(270) 

0.97(6.7) 

(45) 6.5 

0.091(24.7) 

b 4 c 

106(27) 

122(840) 

139(350) 

1.6(11) 

(83) 12 

0.115(31.2) 

SiC 

42(11) 

60(410) 

196(490) 

2.8(19) 

(41) 6 

0.143(38.8) 

AE03 

237(60) 

142(980) 

500(1300) 

3(21) 

(98)14.2 

0.060(16.3) 

c 


jIjaSI 4jjt*a. <L~« t> jib) Sutton, Rosen and Flom [1-2]. :jc. (j. .yv4 (*) 

.( Society of Plastic Engineers Journal 


Jl ja)I Ai^iuxa (j^aJLuai. 

<Iiia Jjj 1 ■aat.'uij Cjljjxjillj ( a\_jj^ \ ‘ 

/ ( # 

. dV JaVn J jj-dc. dlj Ajjjuj ^ Lo 

(j^j i > j j j (matrix) s^lc. A-aj^^^H s^Lall 

jl dLllVt ^aC-J I AjjlJoIia Ai^aj-sxAll ^j-Q A_}l*Jl (jj . ^gj\ Jx>alj^)]l 

dlJVi La cJ^J dl jjad'l jl dflLif^l AjLa^. j cAjj^UI dl jjadll 

^xi3 dlj 6A«i2djdjl AJldl ^3j . .S^JjAd^all Ajj^IaII dl^)JXjal]l jl 

tAjlS-all j j A_i^.lj ^j-o Aj^^IaII dil jl dLilVl (3-° c£d (Jsl 

D^.Lui 2 fc.j AjLIa l.nj-iatj <jl ^ jJo'urij 4ijiuia £_a Aj^j^IaII dl^jJxjaill jl L flljlVl ^j-qVi (j^J 

A O-J^ u' J . Adaidi-a AiLj£ ^Ac. d3 ^11 (_^}d ^^3 JaliaJl £-q 4 1 .la. 

^j-o A£ AjI^jj ^5 ^j-a ^1 A ^ )a! ^)Aja ^1 (j^lx-o ^1 dl^j-aAJ^A dls^Sj-a-o]! 

Ajld ^Ac. o^)dll jLp^lj dlij^x^i^H oAa 
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I qa Aj&^a A.-qK ^Ajj CIjI 

aJ^JI :A t iujjj j a!2>Ij (s.^^21 jl o^.j]l ‘(branched) 

jii*j .(cross — linked) c£L^j\\ A2L-ai2l j 4 ac. jftJj c(linear) 

A1u2juJ j)-G C_2llii3 4^'^)£i<2l ^1 a2^2I L2 .(CjI JJ-dl) djlj^^l j)-G ALuAjoI ^ J-V^kll 

LoLaj Aj12u A_aj^)laj Aj^22I 2_*jV1 ^3 1^_j (J ks-\ { i l^sl^jJ Cljl^.^11 ^ja A_2jI 

i— 21 ^1*2^21 c*\\“^j j .2-1 ^^3 La£ 4 6 ^)'X*j 21 (jlx^iC.1 

jg.hj La£ 4 lg.n 1 Lu 3 o^)Sl jll C*iIJ*2jljjVI Clili jlsuVI A_i2)Ij JjuiLJI (j>a I .lie- 


. 2-1 


46»lj>jg>\l j Ajtldi Aj^Lj (ja _jjjlL2l A_i^.lj«£a A Clll^ixul ^21 

^l2l Ajlkl .21 1 g,“n n c > \ u*ij lg_lo <_£jj-a21 _jjjIL21j aJL^IaII CIjI ^ 1 * 2^21 ^Iajj l^nj 

Cljl ^1*2^2] A_1 x*UJ^)] 1 C1L/12H Cljllili J-fldjuSj .Ss-LaoJI J Ajtldi j)>i ^.Ic.1 A^_jJ Ig-oj^ 

(thermoplastic) (Sjl j^JI jpi2l CjI j CjI jaaA j2I j CjIiLLLaII L5 _1o a^U^VI 

cjI j^2 jj ^ CjIiLILuJI .(thermosets) c_2j^ 21 cJi 

jjj£j JSI Sjlj^ a^.j^ jjc. (semicrystaline) Djjlil* 4_ui aJU. ^2 a2L^i* 

A_^^p Aic. 1 A_3^)xj JaUa-2l£ 1 g \^\\ iAjjlxli A3^)*J1 6^)1^)^. A_^^J jJjA 

0 C * )\ 2 ^. L _ jL^al (_£21 ^^ j ^) l£Jl ( J 2 a 21 Ai^)*Jl 6^1 ^ 2 k A_^jJ jj-o ^^ Ic .1 a ^ l ^ a . 

(j.221 ciil^ jA\ 121 .(Challenger ^^-212^ ^Lja21 c2j£-<> ^9 A-iLalJ^^H 

. 12£ jl 1 ^jj£ c— 21, >/>Ti V ^Ic. 1 4 ^ j^)3 ciili ci_i\ ^ ia2^j L5^ 

La.\}\x^‘ij ^jj^kA*nllj (softened) 1 g.^anti Lj1^)£jj s^lc- 2 U 2 

^j^Lnll ^j221 cijli ^Ic- aI 1 aI£ j .^j^>j21j (hartened) 

c_iL-a2i Cjli j2l jU 4 1 jjaj j .(polysulfone) uj^ uA^j 

Lujij I^jIjj^^. u^il AjjIj^ Cl2^lc.li2 C* \x 

4 1 " c_2j^ajj n (jl Lo 4 1 ^A J . jIxjV 1 A_i2>Ij A^jjoi ^3 V (J^2n A-2h^i*^ 

4^jl^pJI 4_iL-£a2i Cjlj CjI jjaJ j2l ^lc- a12qI£ j . a K ^ (jc. Ij^.lc. j^xj ^11^. 
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lililajj .(polyimides) cij^dj) (Phenolics) 4 jV jjjsJI j ^ 

[3 1] 238V ^ cJ4> 4_i^j^xu]l 4 _jAajoj£^jjV I A ■ y ■ ^ 4 l 21 a^Ld 



iUuJajl 4iHo j (11.9 kN/m 3 ) 0.044 lb/in 3 (_sjL4 G4£ (Narmco 2387) 
3.86 ) 560,000 psi lsj^> idujajl (0.158 G Pa) 23.000 psi (_sjL4 
490,000 (_s jUaj 44 j (0.029 G Pa) 4200 psi <_$ jL4 44 AjUd j (G Pa 

.(3.38 G Pa) ^ 


(Jjxxij ^ y£-dJ (jAlx-dll ^ic- <■" ll 3 jQl .^.4' jl^d (_f<Uxd J 

(diffUSlOn ^4aj!j4^ jl 4"l 'iV 1 4 U,„l J_| i_Lujlla (jl4d ^3 Ac-jxJa^d ^4 4 

(infiltration) ^ o4^4l' a-LJ jj J j'4i4Jli J.^44 bonding) 

jxjj yl j4dj - a jy£il— (Jkull liljliidj jjjllilll j - j.;~'4NM j£4j 4 jijL 41I 4412/1 .«-4Li4 

^4121 (slurry) ac-- j y^ 4242^4x21 G y . 41 4 lyj 41 2^21 1 — ix^ 

oU2 £jjj JjJaSA <k.jj cJJ^ CjUIajI A^.Ij n*s. j <Lklj Cli^j 

S^LaII JLkjV } 4 3-a aaI jl iuj.ii (J^3 Jail 

Aj^jaI <3^aj-aAll SjIa *•■. ^3 <_j£aj 4(JjIaa]Ij . A ^ja! 

D»}Ia (jl tAjLgull ^3 .G_LujL1a (jl^A ^3 liluj <C-JjJa^A (JA 4-C- JA-N.A cJ_^ 
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ULuj <C-jjJa^A L_ flLill 4 _Ll^. <_ja L_1juj^jJ <jl 1 x^ajl <_j^aj ^j^^aII 

^-3 <C-jjJa^-a L <iljH aAjLjj SjIa ^jaij^)J <jl (j^AJ . L—LujIIaII (jI^aII ^^3 

A hxJjJ l^jl^A ^^3 1 g.Aj^Q \ ^aJJ ^aJ (_jaj UjjI \a\\ (jI^aII 

* 

S3j3c- C!j1^)a j (JjLaill ^Lijjl *dA!iuiA]l 4 j\ax 11 <jl *-. i >JJ *4-i]lc- 

cja ^IkL aaII .l^Jl ^ic. ^aJJ V . <3 j^j>^aH (_£3^J (JjIjaJI ^ 

<L-ailA ^,ua'i Cln^) Clilc.1 jill £(Ja ^^3 ^l^AjjujVi ^ Ia ^-Sj^^aH a^Lut^.j <jIHa 

. ^c. qjn^sMl ^)1 ^)a!1*jj1 £a ^axill 1 g k^xx \ ^jC- 


4_Ajiail A j-v <1 a.xti jIjaI) 2 -1 . 2 .1 

<Jajj^)A C* \\ q ^ ^ja (I 3 .min 3 .tcd.) Aj^ilall Aj^Uqx^iH <j£^a!1 jI^aII c_alljj 
^a, W'u^jJ . 1 Ag.x^iatj ^jC- ^jilill^-A ^jJjJIa ^ja ^Jc- <J^^a j <_j^ax )W 1 g.^x n 

(Jjj-a^Jl (J^l ^ja ^j^^aII SjIaI! j CjU j£a!I C (JjJaaVi CIiI^IaI! ^,A-vl 

S»U*a>ll j AjIHaJI ^A ^_iij«iaj3lj 1 g, n^i Vi <j^AJ . ^>j£ 1 oJuli dil^ SjLa ^^Ac. 

<J_jx]l j A_ijjL^Jl jl ^JsiaII (JIa^. j $.1^jjaV1 AJIHa j <jIHaj (_j^ai^-iA]l J jjll j 

o^j)\ j\\ 4^1 a^\ ^3 dll^-lc-jVI a3A (jl_nl Ajjj^la (JjJaSl ^ja£jj .^cil . . . 

^■U.jll j C. \\\x\W ^plxA J (j3xa11 CjIjjIjj L_flj-£3J l^_i3 ^aJJ AJtjll CjI jAaSI ^^3 

. 4jqj\ll <j£^)a11 jI^aIIj Uj.i^Li]1 iLujV^ Clilj 4-iiLlall ^jla*-allj ^_^jLaj-all 

: CjLjUj 

^jjqV^A ^jjj^tA ^ja (^_a]ljj A j'q \b ^jUjk-a (bimet3ls) (jA*-dl CIjIjjIjj ^jj 

^Jjju XiC- J . ^IA J<; ^)iaxJl 1 Ag.x^-lX 1 (j£- ^Jjiil^-A I^J)\^^. JAaj ^JaIxa SjIc- jISSjaj 

<Jjoj11a ^ ^jl.V^Aj bl Kli jl CjLjIjj C. V'l\"l 

A^- Llx-a (_J^aj t Jlldl ^3 (JLaxluL>U IaLaj 

IaS Ixa (jjax-ailLa ^jjjAxa ^_ja A \ J^j^)ja <lic. ^ja J-i Uj-n ^CIjIjjuj^ajj^ 

^W'iaj j 0t A 3 Aaj (JaLxa A (JAxaII c^\\*iaj iliA j .3 — 1 (J£ja 11 ^^3 ^-iJa^A ^A 

jlik-Vi ^-j-^.1 l^li .a A 0 -0 cXb jaaj (JaLxa B (j^xaII 
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1 ,ag jJl] ^jjL-ajLo ^AC- jlljAx-a ^jUaJ^)jai ^1^ I (jili 
^jJj‘i^x < q 11 ^jjiaJ^joill ^2) « 1 a^,°\ ^aJJ q\ ^jjAj (j^iaMl l^ag.x^iaM L_ljl_^_J (ji_x_iJajJ 

a \\ ^jjjaJ^julll Ai^aJI S_jl^}^. Aic. 4_I1_^J1 ^3 . 1 *_a ix^J A2j 


i\,Ag\ jV! ^jlilill jA 11 a^ 1 ,agjK (J^la a1a^}j 1 *ag Aic-j 4(J^LJ1 

0^)1^)^. 4^jA Ale. ^2) <JUJ1 ^9 j .^<jLkjj Lja^)C- 1 jJaJ) (jIaIa^j <ij£^Jl ^3 \,aq ‘^1 
LaAic. j . l*-a ( _jl,qj..ro"i\ < Q liA 1 ^,*1^1 tljJajl (J^Jall j ^njAx^ll 4_9^)*]1 

(j-o ^)j£l (_£^)1^)^J1 AA-adll ^Jl B -IaJ^)2d]l i J^^M^ll (jA*-<ill ^jIjj JaJjjuill ^j^_ujJ 
JaJ^)jaill c-l.W 'll ^ n^n B JaJ^jj^ll (jli cJ^ LaA^IjjC-Ij (j^J tA JaJ^)2all 

^ c > iu/ujj dljl£ Igil jAjj CjaL^JI ^U^JVI 11a j I^jAxaII ^jIjj 

^ja J (jl^)3V A-jj)j\ill S^aLIsiII (J l)_ 5^1 ^A AJUaJjail A^^_a (_£^)^,1 


■ J1 /L^ill 


'i •: ■ ■ i i r ' r a 

hur -ws- - 




-— _; l j - .jJ > h:-^' ^ 


_ _inj jA 



(a jl ^!iu) (jJjLiil iajj*i (ja 4jjfr : 3 - 1 


t fljliull (jjlsca 

tJ ic. J j t .-1-d l Jj ji.1 (JAaaj jjAxa 4_lk*J jl (cladding) i >- Vlg . J 

<jtlAll — ^Jlc- ajjAa] V ' (AIjIaaj j;'-.'' V i JUlall (Jjajj ^_Ljl 3 - 1 A^-llS ^uajl > ^ (J ■ ja^l 

^ tdjlijai (j^^j ls^' f J^4 l,A *n i t JSbll A^ia ; Uai« (high-strength) 
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A^IHaII AjIIc. ^ j\'\xX^\ A^njoi Au j . U.Ujj. 1 AAixjJa 1 g, j (J£Ij ]1 AJa oAjAuj Ac-IIg 
A*_i1a Cli 3^11 (jjiiijj cAjIIc. AjllLo vAt'iAi Aj£^>a S^Lg Ax_ 14 a A.^juaij SUai-all 

^j-ajl x^aa. ^^Ac. Igj A_jIa^. j Ig-C-^j <ja oAj ^)3 IjI^aj ^JIgjj I^jI 4 ^LgI 

. AJjujLioiV 1 L^llLj jS-G 

%10 ^ 3 \»a 11 ^jj^jol*A 1 ^jyill cijl-ililuj ^a 

ajIA a^j g'VI .a^ujL^JI ^jc- AjjIj^^II ci£>LujVl J) 

Jl a 1 i*-£ 3 jj ^ Ajl Ia£ Tn Iaa Aj^S c. Qjq^sj ^)*juJI ^^L-ajai 

cil^Loil d^L-aj y .AjJa^AI y_n]l a^Lgj JjaAII ^jjIAa A-ia^all dAjl^jll 

uSlLjJI J I^Aj tAC-Uakjl j ^l_£jA\ ^)j^)a £a (_j-a lajjj JAaL ^a j)j*^lVl 

(short ^-aa CjI jIj clj ja*> ajc. IAa j 4 (fatigue) i.iu.n jxAII 

kilLAI y a*j 4^ jil a^ .jsl ^VajI JIaU JWIjj tsircuits or shorts) 

Jj aAj>$-**» i AAx-aj (_j£aj j Ijjlj (^Aju Aj^l (JjSjj (J-aSM ^Ic- ^UjJI 

l Qjq-s _^a t^UAlL l qUa'I ^jji^g'V 1 (AlLoi 111 .^Lj^SAI jLnll a^Lgj JjAiill ^jjIAa 
( ^c. a j^lc- . ^jojUjJI t^lLuAl ^j-G IIgj Jai Ajl Lg£ 4 1 a^jIj ^kju j 4 (Jj^yi yia j <jjjll 
^a AjaIjjc-VI Aa^jjaAl aK AIa AJa AjjA ^uL^aIIj < klx-^Al ^j^IaI^I <a11uj m, j 4 ^ 1 a 

(salvage value) SajIuuAI aajAII Ua j ±& \\ u^U^jVI JJ Iji^ 4 jWlll ^al ja 

. (_^l^k*Al c-^Wxaii A^_j jLLg 

Lg£ — ^^kl oALg ^j-g AAlLa aA^jujI^j AjAx-g SaLg ^ja Aa±La AjIa^. ^ jg ^x-Iujjj ^aJ 
^U.j ^ ^a. W‘ uj.)j1 Ia Ic-^j SAjja Aij^aJ (<■ a_ililjA\ (jjlxA^ A^jLoAI o^ill ^^3 L_ix^aj 

^Ic- AJaaL^Ail A_:al£ jjAx^all ^Ac- S^^a Aj^I ^jL*J 1 Aal ^j]l ^L^.^a .c!jIj^)*A 1 ^a A_jlayi 

A? ~Yj AjUI] (brittle) (_jAa ^1 <. Aj^] 4^^j-aall aa^LIaII «. ^a AllialiA 

^ja . CIjIaI Alaj-aV 1 Aio Aj^aLk aAL^. CIjIA dAi^C- ^Jaa ^Al A Vi Aajl^Aj c > 1 Unj 

- ; 

(polyvinyl butyral) Jl jjj Jjiii jtjull S£iiu:!Ajll ojUI 4^ jil 
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aL\1 lg_&] j,^Vi J] JUijl (very tough) Vi/u 

4 Q ^ l-i ^ 1 X ^ i o\l**< < - 4 \ ^ m ^ ^j‘i v*\^k \\ 4 1 ^yTL 1^4 1 C /n ^ O^JaLiil 

S^LaII ^,a^.j <j£^)a]1 SjIaII ^ ^-U. jlli c^L^.^11 <ja jj'^iJo <JI jjj J^ iiS 
cdlil <ix-sa A^juai^La]! S^IaI! (l^J^ I.a ni iaa-L-u^Jl Lg_iLaxJj ^jjjj^Jl ^ja u*u)Li]l 

2! 5 ! S 

S^IaII jrU.J>]i (_]£ ^A^kj IaA.}^^.^j tl^Aj .<j£^)a]1 SjIaII 

A u,nL JjU cJ^-aJ I^jI^iaa t/VunVi <j£^)a a jLa J) ^'ijJj 4<alikA (j_jiaj 

S^IaH (_jl.l^Jl ^Jj <_jia^)xli]l 4_L-a LjjI^J C* AW 4^31 j\\ ^3 . A-JjujLjjV 1 Lgjljj^A ^Jj 

,4_j£^a11 (laminate) 4jq;3-»'l a qa <a±UI lgjj£ <■ . iu*n <£iiiaiUl 


L5 1^^UI (JmLJ$\ ljIj AjSJail ^Jliuatt 

e > f d ^ 

(J^.1 ^JA A,^j~UjJ^\all ^I^aII ^JA 4_lAj4A ^-l^jlj ( UALj q\ (j^AJ S^J^C- tilljA 

^jc. d jIjc. Vj <JaLjdjj (formica) l^iAjjill ^Va'I (JaJ .^iLa ^al^c.! 

43 ja cixa^j 0 ^'j^ £^a]I Jjfloll (kraft paper) UlIII jjj cASJa 

<xjjaa Aj^jj)\\j>jj a^}Jj-a^. 1^3^ ClixjJaj t A^j“ujj^\j SjIaj Ajlajaa A.jnjjp 4 ^kj^«a 


(js^x,\W 1 g,x>ix j £a djlajiall Jjlx-ajli (J^.1 i^ja JaxjJallj a^)l^)^Jl i^AJciijjj . A SjLaJ 
4 -illaH ^aj| uaIVI ^)a 4 _iila £jJajJ ^jAjJaJJ . 1:3 .U 3 a (_jj.btj . (JjJJ ^5 

tAi j^-a SjL^Ajuj aj^)^. (Jja cA^^judJ ajI^pJI cJ^I <ja L_ilSI (jjj 4 -Liiaj A_illlj!lll 

.Aij^^A <x1j ^ja V-lJ ^c_iLaAll q.Va'ia (.5^ ^-C-j-^a^A 4 _lkLai o^\aa a^jl^k jl 

(jA SjIa (_^1 4 ^)j-aljc. a^C- ^ja AilyA <j£^)a 0 jIa] VI^a KjAjjili ^) m,*i 

.4_^jLi]l <j£^)a] 1 a jIaII ^^3 ~A qt'v^k a — AjjaLujI <aALaa l,g , \a (J£ ^aLaj ^ j ± i^a ^ja 

i* ■* # 

((_^^)^_k-a]l ^)J^)^J1) CIuLiaVI ^■L^.^ll ^jaIa 3 (jA djliila ^JjaiJ ^jl 

(_j£ajj .A_ill*Jl a^l^j^JI Ale. ojm.A ^ajl L^J <j£^)a a jLa 

^ja ^-1 ^jl ^a (J^xin (jl jjLlill <jaas 1 jl (Kevlar) jl 

40 ^ LS^" **. u ^ (Jjl j ^aAx-al] <jtlA <j£^)a ajl a ^Jjol CjL^Jj1^)1I 
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<I1 aV1 <I1 aV1 <-^jV jdj t<iji^JI ^3 *333^ <i.ii^ 4 us-x~\ Ai 

jj^Jl Iaa (j-c AjL*-^ 33*^' ^ £j a^lc.1 


A.j.n.i^ll 4_i£ j^l!1 3 • 1 .2 . 1 


t> (particulate composite materials) WJI jI i_a]fcj 

a * 

UaI dAnt^ll SaLa <3^Aj-a-a (3^*^ 3 dA m*\ 

dll±l£jJ^ ^Jc. J . <aj3wi*a'l ^^Ac. _J-oVI 3flajjj 4 <_AAx_a V jl <_AAx-« 

.AJllill dll^All dlUj^Jl aA^J <‘^aaH 4 juj^\ 

A-ijJuuaV 4i jiLa AjAjJjla^UI 4-mj^Jl A-dj-aJI Jlj^ll 

^A 1 4,\ v)xa V <j v)xa V 4 jnt*^ A-o^ialA ^jc- Ic. J&Vl JIUI oj 

^A AjLojj^Jla .AjLuj^)^J1 ^^A j 3-'^ a ')^ ^ J J X A) jj£V1 <j£^a! 1 aALdl ^Ijll 

ss Jl 

3fj J cJ^ajoj Jajjj djl_m^) j (J-Q^ (j-Q <■" il n)^ SjIjc. 

aaLuj^^JI <jll±A .Lii-ula ^ j IjjLiaj^ (Jc.Ul3 c.La11j diiA^VI 3 -° 3-»j\< <)a3^j 

3*° aj3 3^ AjIIajujVI c^^j-sa^JI <jIHa1 <JaIjca 4 jxnlali ^3 

^)jjx 1 (J^L^. 3^ ^ j>*o*^ 11 <jll±A ^Jj (Jjj-a ^11 I Aj)Xx^i PAIHaII ^sJJj 

j 

aAjAc. (. t l_ LJIj A3j . Jc-liull <c.^)juj (JJaj jl aAljj J^l 3-° dii<DaiVl 

3UI (reinforced concrete) ^LaiJI <jlo>jaJI ja j^. 1 J£d 3c. j 

. dll n)^ dilA <j£^a SaLaj <_iiLi] £.ljjuall ls^" ^34^^ 


saLa ^rU.j]l j IIlJ a \\\x a V j* (j-Q flakes d jl^ijoia ^jl 

Cj\ j \^W c-^'hdi .^Jl j!ill ^Sc. 4,f\f\t.t^Xj a^Lo jl 3^ t-odc. <11x3 <j£^)-q 

aL^jlj <jjl_Lo ^jjaL^jVI ^ ag.Ujj>j <jtla dll i jLxjV^ <JujdA <Jjl Qjj^i 

Ua-q a^2kl ^11 dll jjdiall .Ix^iVVi ta^lxil ^3j . L qIjIVI <11^. ^3 Ja^3 -1^-lj 

Jaljjjl c > ilJVn 6 dll jd Uajj .^u>> n ^jaILq ^ 1^_1a ^^lc-1 <iUj£ Jj 

(J^dlJ (J>1X)11 1 g.x^lXl ^X_A dllj^l L_l£l^)jj . L <l\jlyi ^j-G (Jsl <3^ix-aA dll Jjdiall 
3^^ JjIjjuJI al_^J 4 ^ dlljAdall ^g-l^ ^3-^ SjLdl ^n\ t i 4 1.1^. 
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“ 4j£^aJI jI^aII (JaxAjujj .AjJIaII C 1 Aj_j£a ]1 i^yil j l^A 4_plc. &«^-a ^ja 

(J^xSI ^I-Iia ^.i SjusJI l^Al j^A i 4 _iAj^)£^]I c” \\ qj iJVi'l ^.i 2 _uj 1 j (J^j.'Iij ^U.j 

y 

4_1aI£ CjIijUaI A f\\\>.^k-± A\y nl j <3jix-aA (jAjJa ^-L^.^11 Clll^iAuS ^AaJj . JjxjaAI j 

S * 

<ilA£ A >j'Vij .A^U.jll dJi <j£^)a!1 ^I^aII ^ cilli — JjjSj c j£j ^aJ (j] — 4_iiAA 

fiS-Loi^AI C1 L/Ia1_xa ^ja A_Alc. ^xi3 (Jg.xjAl (JA {jj)^j**i tLg-lS (_jAc.V^ -lldalili 

<j£^)a 11 jI^aII A-la-ujl^j <ja ^U. jll dA^iAiS dAA <j£^)a ]1 ^I^aII a,Au.J^j <jIHa 11 j 
<j£^)a !1 jI^aII 4_jIAa ^ja (Jliu A_i^Jajai]l Aj^_^a 1 I (_j£J .A_i^.U.jll ^_fll_i]V^ dll A 

L_a LAV1 dili (jAl^)ll di3 jll ^3 <j£^)a11 ^I^aII J] a ^. j ^L^.^31 d_i\ jdis dili 

.VLqS j^V! ^Ujll 

V AijWaa 4u±uaJl 4-i£ , ja!\ S\ja1 \ 

^jj^uiA (Jja AjjjJoC-V CjLqjl^, ^ja ^cjjI ^3 L_lL^a]l ^sl.}]! ^ 1^3^11 cdlllil 

(jljjl^jj ^A^J (JAa ^j^)A J)j>«oC- Aajl^) ^jAjJa ^)A djl^joi^^A ^ ^a j)J 1 a 1 V 1 

%75 ^ diWJI cJ^j .^Li J^Jl JaUaA j\ (polyurethane) 

(Jc.1_9j ^A tillA ^ja j .<3^aj-aAll ©jLaIS Ja33 %25 xil-lll ^ j3 ^11 

<j£^)a]1 SjIaII (jl *■. il^Aj .S^jAijmll <■■** 1 Vi £3.} 0 j3 (JJaIj (J^.1 (j- 0 ^)3 Jjaa 

^jjC- ^ ^JakiA ^aJJ <. S^juj ^1 1 ^jls V] ^5 • ^ i V 1 ij & Cl_l\ ^iaaII <AialnA 

I^jjjIj — J51 ( fc 5 ^ C,— J-^ CjI Jl l_llx3 JjiaJJ ^jl J C^)ijJudA 

^Ja-uj A^Laa ^a ^ j^)l >.s~i\\ A^^\ <x3l^ll L_JjuA_iL ^)Laa (> _ 5 Ac- IjA^C- 

^Ac. — (_]£joA 1 4_1a^J <^Iia 4_laja)i^J i^-lL-sall J j3 ^11 t. > U^» ^aJJ L—UjuAI i-^Aj ^ (^ 3 ! J)-^^ ^ 

o^IaII j CIjI. n^ll Cj^LqIxa C t 1 Uaij A_^Iia ^ja — JUiaII cJ^f*^ 

c_Aj-a]! ^ ^3 j\\ ^iC-^A £a A3^C. ^jAc. cJjlVi 0^1 ksix.a ^ja l.Ajjn 

dj|jL^.yi ^j-alij] (j^-<^ Ci\±^\ ^-qj ^ j_jIx^i11~<^1^^a ajjL^. ^3 

ojx> JAa l&-^j ^JaLo J£ja (optimize) a£iJ\ <SjL^a 

A (Jx^A hfuj 
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4 JlfLoll j *£jL*jj ^a J^lx-a 4 _Aa*_a Cjljj^a a^^.j uj 

4_^.jjj Aic-j . (jIaaI! <_j-ajJa 4 q\atA ^a jUaII CLil^jJjudS l_ilx9 ^a .J jUaj^I (jIaA 

j { ss sf 

CA1jjJo 9 (jl i4_jLLa .Ia^. aAja* 4 jJaaM jj j jJnxull *>" U^-. 1 

. */s . "A ~v 4 a 4 ' ^ 4 ^L ^ ^ 4 i ^-~»q\ \ 

(. . \\ KS-\\ i^a jja J^Lt-a ^AAxa ^A ^)jAj-aa]l ^aL^J 

JUJ <_£AjjJj . 4_L^a^- 0 J A-JjujIs j 4_}^9 LiA 4 _^^a11 SaLaII 


(j-a AjAxJI lilljA j . JjU 4_iL-a^All SaIj^ 0Ajl^ ^9 ^jjI^‘^1 

* y 

(J-alx-a i<J^jl^)^Jl 4_Ax-a^All Ajj^ 4j^ju*3La]1 aI^aII ^Jj 4, n Ax, a 11 CAliLjaVl 

* y 

.^.I^jjaV^ Jij aaaIII 


4juAxa AijWaa 4 -ijAjlaJI AujluaJI Ajl£ ja!\ Jlj-all 

^j-a . 4 j’lAx a 4_9^ix-aA ^9 4 n Ax . a 11 An^ll V tc^ljlijaill ^9 (JL^Jl ^j^C. 

AJula ^ijud^il aV jili ^ij 4 _i»jjL^A]1 <ALLi»jJ 1 ^j-alx-a^ll CALli^. (JIajaAjjI £_jLLJ1 

> 

SaIa^. 4Aa (shaving) S^L*^® (J^** 1 . 1 JaiL-aJj (jAx-<i]l CAd^-) (Jjjuaull 

^CAIjLaIj^I) AjLioiaII ^^9 1 jx, n3a Lil^ -0 1 nx.j 4<A1 ]a 4iLjal .(chip 

. ^ jj l -v. ^1 1 i-^l 4 \ i n (^y& 4 Cl j) n ^ 

^jAIxaII oAA A^.jJ LaAic- 4jx.ji.3all 4_ll_^Jl ^9 UoA 1 q*«a9 (jAIxaII ^j-a AjAxJI 3-3^ 

(j! (j£-aj tiAllA £-a j .4_ikljuj (jj^4 LaAiC. Ig \jat An (. ^ ^ j l^HaIj *©^)l^)^. 4_^^)A Aic. 

0 J> 

4-aj^^iA . . . ^aj'nA nl jaII j ^aj^)£llj ^jiLoixIill Jj-a ^jAlx-all oAA Cl4,m^ {J^u 

^A] La Cll3 j\\ (_yi iij c.^\\'‘ia'i j 4<C- jUaA tillA ^jC- 4_A^.Ll]l 4 _j£^a11 dALaII c4x. jUaA 

^lill 4_ill_^Jl 4 _i1a*J1 ^^C-Aj .4_xij^All — 6^)1 ^)^jl 4-^.^A ^9 CjI^^aa ^j-a 4_ix-aii]l l^jljj£-a 

y 

^'A\\ ^ j & (liquid sintering) c^LinaJl 

<9j-ai]l Cljl, 11 ^ u^'i cJa^Jl ^jjud^J j .4_ix-ai]l CALlii^JI 3 4i^Ax-aAll SaLaII ^LoA^jI 
,4x. jlJaA 3^^ ^ cJ^J (JjLuJI AjiLII 4 j\aC (3>L^. 
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Aajjxa Aijiuox 4ajj*»£Ul A.jm'vtt 5 j£ja 1I j| jaSI 

t S > f 

^C-Jj j lA f\,\xA ‘kkjkt.siA ^9 liliAl^lxxJl (Jja A )'\,\* a V <■" ll n ^ J^u (jl (_j£aJ 

tilLiA j <(acermet \\ a ^±^ a_ij^*_a1I aj^jaI^jjjuJI ^IjaII ^jaIj a^jUII ajS^aII ^1 ^a!1 

uxi^jVl ^iLujV^ cijlj aj^^aII Iaa^j ^aII oiA o -0 (jlii*-A-kjj 

.^AiJ^)^]l — ^)jjLujV^ Clalj Aj^^aI! ^1 ^ja ]1 
^1 ^a! 1 U.J^ Cj' 4L QjU^'lll J^J-iAaII (jC- J^ljxxll 

Ia|j Ajli^x a Ai^L-saA ^jAjJa .lixxi^ji t." \\, \\\“\ Ia| ^ CjlliiA^ixxili j A jV^a!! A j^ja1_j.1xxJ1 

* 

A-I^AX-aII -A j^SJ a\ ^)-1xxJ1 ^I^aII fiAA (JjA ^JaXJjuJJJ .AjAdxxl^ jl Ai^ix-aA (_JA jJa AjlAXA Claims. 


A-illxJl — 4_^^)A cJa Clalq nJVlll Clalj^Vl Ac. L ix-a ^9 iI'^a^-LxjJI j 

. Cli^JI AjIIaa J] 

c" )\ (JjjLaVI CIjIa ^CljtliAjAxxJlj A_ijAxA]i A j^aI^ixxJI ^IjaII i4Va*1 

<ja Ai^L-saA ^ uxx 'nil Ajj^£ Jaxaxxj jjjlllnll j Qnxxx.'nll Ajj^)£ <ja 

c > a*\ xxi c_illj9 (Jja Ia^. A_illc- SjLa 9 c > alJVn ClaVVl ^^9 

A-lllc. AjIHa CJLjil! ^ja A9 jix^iA ^^3 ^aj^)£Jl Ajj^)£ ^-laJj 4...^cJl CjIaI ak^xW j 

l_1xjjL1a ^£-9 ^ (JaIxa ^ja l_1j^)3 -}Aaj ^JaLxaj cil^A^ £!iAJJj $s.l^j!iAVlj 

J ) l ^JA 111 Ai jix^lA ^9 ^ ^ijljjLill AlJ^)£ (_JaxI1xjJJ^ . CjIaI ^x^lli ^9 (JIaxI1xxL>U IaIaj 

S.l^^.1 (JIa A_illxJl — A_^.^p dali Cljl^iilaiill ^^9 (j-Q Clllljj^]! ^ja 

# > 

J j9 J ^)j-£aljx£ 1 x> ljl ^cljli^^lxxJi^ AjV^XaH Aj^IaI^IxxJI ^I^a]1 (JaXJjuJJj . daliistli 

JLix*j£ jl ClAm^k (JJ^ u' Jj^allx9 iAjj^ill Cj^^lc-laAll ^ ^Vi (jljjJa3j 

jh\\ ^ JaxILaJ 1a nj tlAx-al] cJjli cilixil^lxxj ^ jjjl jjJl 

. ^ Vill ^jLlxJa9 ^ I Ax-all Jjlill ^)JC. 


J-aI) JIjaII ^C-4J 4.1 .2.1 

Cjluill ^JAJ ajJAA ^JA ^jl^iaVl oJ-IxUa Aj£^)a11 ^\ _^a11 (JA (^Ajj 

Jjjxxj .6^lc.l Uli^li A_m±^Jl j A-i^jlaj-all j A_iiiUl Aj£^)a]1 jI^aII A ^"iAa!! 
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(j AkS-X ^JA (jVj A\\\\“\ 0 jLa 4_VjudAli 4 jLjj^)V] 1 ^jy'ix'l tJUJI 

^j-Q .(^V J&\\ 4J-lxJ JA L—Ujalj) £.1 ^joA1 A. }3 \\ dJIa^J ^^,*‘nAxxjl~(_JJ)^k« A ^JA 

^ic. A-iLilj A jVl Qx^ Aa&^a jl ja ^A L-flLilVl-J oI^aII A j^iJ-all <j£^)a]1 ^I^aII ^jl 
VN 1 tl^A ^C- . (JaI^ ^JA C> ^ ^gJal. UC-1 ^aUaJ ^A ^-lilx-aJ ^Uaj jj ? I ^jl3 .^.l^joill 

.4_j£^)a11 ^I^aII 4_x_uj 1 ^11 C‘ ll j'iI^aV 1 ^ic. £_£^)lii]l ^-^Llaj ^9 ^Uaill l^A -liSJ <jl 
<] c4a£^)a] 1 jl ^ a! 1 O -0 ^ \}>^> ^ q u.^1 l <a\ jiyij dI^LaSI A jQ iJ-ill jl ^ a! 1 jna'i 

Ji s 2 

SjLaII A 3 ^ IaAj .^r.jQxVAi il jV^'i j 4 AjS^aJI jI^aII ^ja (J£j aJj-ss 

^jc. A ViS. a y^-A ^-^j^-Aj <a±La (J£ L_ flLill 4Vjjj C* n*\ \ cAjjja l qIjIVIj SI^LaII 

^3 A j'q \l~xW A )qx«Vl 4,q\*‘v^A ac-lxxj-N Cj^LaIxa <jIHa C1l)Ia1_x_a ^Ac. 

L-s\j^\a oI^LaII <j£^)a]1 SjLaII SgAxxi^ j AjIHa 4_a$.^Ia <_j£aj l-^Aj . Aaa\ ua\\ CIAaIVjVI 
^^Ic. All A$\ j^QxXnj .fijlij ^a\^AA^\ ^)x*V» H ^JAxVA SJ.WaII l!a\, A)Va 11 C > Uxl*\ 

L_j^)l^ill J£1 _a j cIjI^^^-a cIjIjjL^ l <>\,j1VIj dI^LaII a jVl $t.s*\\ <j£^a1I ^I^aII 

L_J^)LjaA ^zaaLLaj L_3^)LjaA j I^aLaV ^ja ^LoiSl j djl^jUall A*\ Wl J 

. . . c_a]^xJI 


AuS ^ <j *a < j a ti <i 3 jluJI 2 .2 .1 

^jc- L <a\"^Vl ^^jA^JaII L*1 ^LoAl djl^JJAA ^JA Ij^C- <j£^)a]I JI^aII L-^W'lAl 
(JjAxj 3^^A dll JJAaII a^A (_)^x a . A-j. ^j\Vl ^Ja£^\ A.JxaV^ 11 3\ ^-a!1 ^-3 Clll^lAAli 

4 j\j\ Vi AJVn j l_J£ o^jJL2k Clil^iAA l a nj (^l^LaJl 

.SAj-I^. A_uj^)Vj j 

yjUiaj (homogeneous) A vl Va ajuLUI ajxaV^.'I jI j-aS ^ jj£j 

jll (jAajj (isotropic) 


(J£ A\ Aj.}Ia ^gajl >/i-\ ^UaII (JjIaja ^ajupil dljAJj 

^ Ia 4 J^q'i ^a Apjdll (j c- aIiIuia <jl ^1 c ^ j>a1 > ^ ^a A J^q'i ^j-o li£)L]ajl 

0^)1 ^pll Ap^)Aj <al*lLa ^UaII A_LL<Ua Aj^Ia (_j*ajlx^VN ^W'm'i ^lill ^aLupVl <j] 

.^pliJ ‘UjIaaa C5^ 4(_£^^p Jj Lo^JC. A-mjlp’l.a C‘ Uajl 

A_uijlpliA (jtpVi A^nllc. C5^ Aj£^)a]1 -^I^aSI (jj£j 

s jjUIq J (nonhomogeneous) V J) (inhomogeneous) 

jc. ^.1 j J£ Ai£&]l oca JIaCLJ c ji^j clip. : (heterogeneous) 



^pAiJl aj!£Ij) *' jxJI ^ nonisotropic ^U-JI V j ( j^Vl 

lK? V j c "anisotropic" ^li<JI aIL^Ia jjc. -JL&1 cK4? - J "orthotropic" 

l(^pVl (J^-a .1^.1 j c£ (ji <jlCA 

(jl ij?\ C^ajapJl Cldol "b-l^jA ^)1C. ^ill V‘^a 11 ^ajupJI 


. ^ajapJI £5 ^a] 1 J ^_^}-ajlj^aaJl 

S-IaIaIIa Cll)lj ClllAlpji Ujj^s L qfiVi o^Lo ^ajl >/i^ ^a-upJi 

A_ix-al_k Clil^ CIjIjjJjaa Alllta Cilj AaLjaj dllAJj c^ajapJl ^^3 Ia A J^q'i ^3 1 £a 

A_laaj ^ Apjdll (j-ajlx-aaJI CaIaj ilc^Aj . (j^axill 1 g ksix \ £a o-IaLxCa SjLaII ^jJallj 

.^jopJl ^ Ia 

ClilAlpj^n (.. Uai*\ C. ^"iVi Aj^Ia (j-a jlx-aa. ^^.11 a]I (JjIaja ^)1C. ^a-upJI 

C-dsu (_£^p! S^)aj .SjLaII Aj-ala. ^)JaljJ C1 j\jj!Luax> .Ipjj V J c^jupli ^a Ia A J^q'i ^-3 

.^sjapJI ^ Ia A 3-?q‘i ^a Apjj]l ^_^}-ajlj-aaJl 
(Jipu ^A*a . ^_^ujlpli]l ^aCc. ^j-o Icp A_IaJjaiJ (Jl^-Cil Aj£^a 11 d Q*^* ) c^cl 

A_uijlplio l^-io oC^.lj (J£ cdjliila Clll\j ^_^jlaj-a]l Ajla ^11 c-^U^j c^JUIaII 

(step CIjIjjc. Clilj aJI^ (jc. ajlp. Aj£^<J1 o^LaII i _ < pdpill ^aCc. Ic^a j 


jI^aII (jCaxj (j! cpi tdlc£ .^■Ip^ll ^ jjjaa (_^^^a*J 1 olpj^l ^ function) 

^jl ^ja ^C-^)]l aJjIaia Aj13 ^i\ ^ 1 g '\\\ i A-uCl y\A ^)JC. A_mpJI Aj£^)a1I 

Aj£^)a jl^A dliAj .^p.LiA]l aJjLaIa IpCaxjj ^piiAll A_iil\j Ig ^x) 
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IjljJ A x L_ fiLill l^jj] '^■ J - £3 ^* ^ (J^Joj t^Ilj ^j-Q ^)J^1 b . via a 

. s-U^gl! ^3 SjjJc. 

f S> it 

^j^Ia lgjl_3 t4-j£^)A]l jI^aII 4aJ^}Ia]1 o^j\Jua]I 4_a_nla]l l^Jiij 

(_£ j^)£Ia ]1 tilljl^lAll j jg -^. aII^ (_£ j^LIaI! I^jiljjl ^Jaj C5^“^J (j -0 IS^Jajl 

:(*M) 

^l. via 11 i** u*v i 4 _j£^a11 SjLaII <^1 ^Ixjj AjaI^j ^a ^jj£Ia 1! ciljjl^jAll 

(Ja ajU^vs ^3 Ia^)j 1 ^)J^)iaj (J^ O' 0 A-^J)^<all jI^aII (jdJ (Jj1.ua 11 ^)jjlA]l ^j-sa^-3 (_£j^5LjLa11 

,<j£^a 11 jj ^a!1 

SjIaII (ji i* A_j£^)a ]1 o jLaII cj] ^L a A-jaI^J ^A (_£^^)£La ]1 i 4 nl ^iaII j 

Aj^)AlJa ^Ajj^)£Ia^ A_ijI_aC. ^ajl >/T\^ JailS Ajj^aII jI^aII ^jIjI (jl } UjaI ^»JJj 4^_uuL^I1a 

.Aj£ja11 SjIaII A jA-ua j 


6(_£ Jj£Ia11 ^/KjaII ^gJc. ^IajAVI j^JJ C- jJl ^ ^JJ L_ SjjA 4L_llj£]l 1 JA 

A_iaA1 ^jj^VI jjJa _^a]1 AjI Ia£ cI^jjaJ ^jj£1 (J^jaJ A*‘aj* 3 (j^AJ (j-il^Vl (j^J (JA A_jV 

j)A l£ J^£J-«J1 iilljl^J.a'1 g-l x^i'q u*)l ^aJJ 4 till j Ja_Jj • ^IjajV! Will (JjlVi Jjc. 

i Ig. n*1 JJ Aj^ftj 4 <j£^)a 11 jl JaII ClAj J^A L-Ludj Jj.l^J Aj^ft A^HaI L-AjoU^I (J^l 

. A na a Cjl^Lax^. O^IaIxa j CjUIUa J^Vi n ^‘u'su 


SjIaII ^-AjAJ (_£ JjSLIaII cjLjjl.^ J a 11 J ^^jljlxll lilljl^jAll ^Ajg,^ ^al JVujjI (jl 

jl A_1 jI£a 1 ^JA 1 J^. (J-llall 0^)Lui^.J 0 J.Wa A^LajI (.” llJJ-a^Aj *[k ^11 <j£^)a11 

^a! ^ja fiJ^.1 j jl 1 ^.IaC. t. > Ujj*s <j£^)a]1 SjIaII J^iit/i ^HaI Jju j .SjIaII 6_jJ 3 

SjIaI JaI£ 51 Jllall JaJjJalli .AjjlxJl SjIaII (jA <j£^)a11 SjIaII 1_§j Jja*u ^Illl Cljllui^Jl 

^3 • ^>j^l V CjUl^jVl (JA oLijl (J£ ^3 ^jjIjjIJ^.qII ^jIuaII j a^Lud^Jl Ja^3 l.nJ^xj <j£^)a 

S»L*1>'I j AjIHaII ^ja Ljajls — — ^UaJI <LLua SjIaII ^U‘1a^ ^jl ;(JjUa11 

.^)j£Vl og-L.^>ll jl <jIHa] 1 lU^'n (_^jll oL^jVI iillj (jc. c q1**^a oLijl (_£ 1 
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(jjc. V <jU^Vl ^ uj^ l£^) l&Uj <j] 

c*ilil IaIaj UIUa ^UUl cil^Loill ^^3 dll Jiaa ^gij LjJjib A_j£^a 11 ^j^Ld! 


aJjLqja 3l ^jaII c^I^Luj 4- 1 J^dill (jjjj • (^^-^Udl aJjLaIa A-j.'Jiill 3l ^^3 l_g3 jUaJ 

(_£3 jaC. UgU j (JIa^V l^_iJa^)Jtj AiC- ^UaII aJjIaIa j ^-^.IIaII Ajj^Uj ^UaII 

.AiUjUl dil^iiall ^3 tillj ^jialjjj 6(_j^s Jl j 


A-ll JtTujjVI Jj ^^jaC. (jjaj (_£3jj t^g^Udl <JjIa1a jIjaII Jl A_Axd]U 

i41.S^ . (_j-a3 ajjdi jjjd (j^ tA_iI^ SAaIxIIaII dlUUjVI (j^iWill j jlgU^l oUl^ ^3 
(_$\ ^3 1 ^1 AJLUiujI dlj3^ cj-J*^ Ja^3 <_j-a3 o^jdi ^Jl (_^j-a3 Pi g J ^ ) Ji3-a 1 (_£3jJ 

j)A j)JJj-aU A3^)*A ^Jl V] t dlU jjj'lll AJa£]I dlLUUI JU j)A 6 J.'U 'l V J .ftUj^ 

Jja jl yikiujVl J-aUi) "Young's modulus" ^jjj J^ld Ua idjIaJI diljiAA 
aJUI UdJI) "Poisson's ratio" oj^jt Udj (sUaU JUijl-jJ^VI J^i* 
aJUvUVI jI^U <jc- ^.lill (_£ jj^aII aJU^>“ujjVI JUijl Jl ^^dUJI (j^i'qill JUij^ 


^*adl JUijl Jj (_j-^dl A_jjoij^ ^-saall JaUa JaaUuj J ^j£ajj . 

. jj^jujl^j A_ixuj ^1 £_j^J JaUa j)A J (jc. Jjd£ (Ia A_Uaj 


c^UaII aJjUua j^JI ^^3 JUJI jA Ia£j i ^^Ua]! A-ij^U 3l jaII ^dj AAjdllj 

* * 

dlUJaUj (jA JlU j J Ja LS - ^) S^LaIS oUlil ^3 (_£3 ^aC. 1 (_£3jj 

(j^nWi Jjj UgJ^I oUil ^3 aJU-»'ua)1 ^SjIaII Aj^Ull o3aUja11 CIiUjOujaII 

>.” 1 Vi SjIaII A,jj>jjjJ) 31 ^iUUiVl -1^.1 ^3 aJLUIujVI ^)l3i« .3l^_^.Vl (^ c ' (_^3^AC. 

c.” SjIaII ^3 aJLUIujVI oUiVl liA ^3 ^3 ^aC. jL^bj 

^a <ailLA jJ CIl^aUa 3^i l^^Aj t^U-Vl fiUiVl ^_^3 ^J^axII jl^_^.Vl <^3 (j^i^j 
^-a <all^A >/T\ ^Jj l^i^J ^^3 ^Jj AiLjaj . oJLaII o33jl!a 11 Ajx^j^dl CljUUiVl 
^J^lq'lll ^JA Jsl jl J^l IaI (jl (J^llVlll (j^ - ^ (SjLaII jj^jj^l (jAiJAJjd^ 

JaUa (_y*l j j tdiUo Ja^ ^J1 ClbJa^tj ^^.LIaII aJjUua SjIa ^3 o3^i (^ill 

A_ailiA ^1 jjl ^a A_alliA (J^jaI c > Uai’i ^jal^jjj tl^^Aj . Ja^JI oUj! ^3 AJjjaII 
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jxoj L-iijjj { x-o jJ S^IaI] CjIaL^jVI 

•(e'jjtf' 


i(j-a3 o^joU ^ nJ-i i 

AjJ^lj SjIaI (JaLxa (jl ^ ‘l3tj l^A 4 A Q^Aa!! L_Loljj £JjJ CIlAaIxa i^jC- LaIaj 

.S^LaI] CjI^IAaIIj l.q\x,^A (^y ill — ^-^.IIa]! AJjLaIa ^J^C- ^Ac- — ^-^.Lia!! 

<ja j^iaI J] JSVi A_l£ylj ^aII ^g^jjl^jA'l iil ^Lalll L_Llx-ajJ j 

.(^lill djl ^JAaAI ^T J*Yx^ill JAxJl .l^j 4_fl^jal ftjU Clll^lAA 



Ap jjja jI ja! ^HjaJ! kil jlyJI : 4~ 1 J^uJI 


J] (_£^JAC- (J^nAvi V aJjLua ^jjc. ^1 jaII J] AAjaJIj 

(_j-£a3 ojjolj ^Jj (Jj 4L_Jjoi^3 AaIc. ^J^a*J 1 a L^ jVI aL^jl ^9 aAIJ-iuJ 

^ij AiljJaV^-J (_^)-alajj AJUVuJ ^Jj ^a3 ^] 6 (ja5».llj (jjAatll j . Ldajl 

^3-ia'i j 4 aJj)a*\H ^JaAJ l^A J . (_j-aall a j)di'n ^j-al_^Jl 

^UaJI A_jj^_j jl jaII Ljajl ojjaa A-L-a 4AJUaJjoil — (_$\ 4 a j)*Anll 
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jA (_j1uIa 1]1 t JIAaII .SjIaI] ^)JC. oladl ^3 £_£JjaC. ^J1 £-Aadj 

Ig >.s-ix\ £_a <ajIs LI j^j a£j ^a' 1 c_fll_i]Vl ^A ^jjj C-^A^A ^J-Q c_a]\jj ^UaII Ajj^Ij SjIa 

" c o 

^Alajl a ^.1 ^Jl <jjaiillj 45 ajjI^j ^L^aJ ^1 lljj * 

11a (jdJU (jl Aljg.xj.n £_£jll]l ^.jJtTujjJj C^I^juJI ^gic- ^la. jC-lj AJUaixjjl i."lWj tL_sl_JVl 
cIjI^jaa L_njudjj t^^-aliAl! aJjLaAa *^1^^ ^5 j*il.5j<all dl ^Ludll c — (_1^1 Cy^j • ^>aV 1 
jl ^a] 1 ^ajU^TN ^j-«a ^lia. ^)j£l AjjLa (_j-ajL-aaJ dlliA 4 A_i3L-aVl AjIVujjVI 

.^UaII Ajj^Ij 


(J^jaill i^ja (_)Ai] d_L>ljJaJLA djV j)A*^ll ^-l^jl ^ fi^joull Jal_Ajl ^j\ _J^V1 Jj)l 

(Jjj-uj ^Jc- . jj^q'Jl (jjl^ia A_ia.jj S^lcJ nd‘i Igjla (JSI ^^Jc. J tig jlc. L—ililill 

Aj5Lj^aV 1 A_iXAaJl ^^] ^L_ll£Jl ~A aJoC<^ Aj.'hVqMl Ad] 1 AJjC- <jl ^_dal^]l ^ja c^JUiaII 

ai w'J ^wuiil <jl V 5-1 cJ^-dll IaI^j (ASTM) ^I^aIIj jlilk^U 

SjLaI] A-Iujjj^]! ^jt. djlALajVl ^Ja^] AjJa^tliAll ^UaII Ajj^Ij ^I^aII Adll Ca^LaIx-g 

* 

^Jc- (JjaVAI t^llaSI aJjLaIa SjIa A_ixd]lj3 .(^lldl aJjLaIa jI^aI] V J) 

Jal3 A_3Ax-a (JjIIj (_^1]1 ^)aV 1 tLja j^)1a -/Lj^iaj ^Vl ^llj (s^ (t_l]£Jl — A-A^aC-^ AaJl AJjC- 
Ajj^Ij SjLa ^^3 . ^-^.LIaII AJjLaIa SjLaII ^3 ^Jalli!! A ^jVi dill j tLjaj^)iA ljl_g_a] 

JjjiaAll Vj d 1. Wj V t^-a.liA]l aJjIaSa ^)JC. SjIa jl jj^.a' 1~^ ^)bk~A \a^a ^IAaII 

Cliljl^j (JjaVJI ^)^a-A S^LaI! ^3 ^)Jalli]l lljC. l u*ii J.W a!1 j ^aj^)lA]l 

^ja AjjlaJl djljLg-^.Vl J) Aildal (j-a3 djljlg_^j ^cAjj tdl]U Hljj aTua A m.11 

. ^Jj jj>3-a\l A mil (Jja Ajoi£Lxa (J^.1 


JlxljVl (jji 1 1 aSa j tL_fll^)aJVl Jj A 'm il ^a] (jj^J tl^A i> jAc. S J^C- j 

£_a A_a 1, W'uxl V 5“1 (J^dJl ^^3 A m \1 (gdgC) (J^ia]l J_)a jJa A-ujjIj 

A_i^.l^Ai]l AJUJI ^^3 Ll] Aj V til] . Aj^jj*s.a 11 oc-LaiaJl j! (JaIxaII Aj.W'J ^^jj^aII (Ja^JI 
Aj£j^aV 1 A_ixAaJl ^c_ii£Jl ~A A^C-j A_liC. ^jl, n^l ^ja lAilau ^Ia^HujI ^ja 

.La A_j£^a SjLa] Aj^iKjaII ^j-al^aJl AjA^j O -0 .jl.^^^L] 
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Jl jaII j jlalk^U 4 a£jjaV1 4-jlaaJI (j -ll (c-dSJl — ^UJaC-) .luJl 4Jlc< :5~ 1 JIaaII 


*Ij£^)a 11 jI^aII \)a\\ di^Ludll o^Lc.1 S^)^£Aa 11 djl jjaaII ^jia^)C- ^aJ 

^lc- (JjIjII A-aIs! ^aJJ t^iirOUl (Jjj-saall ^j£J UJ*^J Aij^)IaJ 

# » ji 

. A ja^II ^-^.l^lllj IsLx-ajl ^JJ^I djl^LaiA ^adL 4 S^juj ^ tdjl^jJAAll oIa 

i_iUf^Li SljLall AuaJli^ail 4j£ jIja! 2 4_iu<Lu <Vt cjlaila^a^l 3-2-1 

4 a£^a 11 4 ^^ic- ^aJJ 4_fl ^JOI 4_jlli£ll l^A (JA ^lL21 ^Joilll ^9 

4 j^j^I 21 CIjI ^jjxjudllj Aj^jLLq S^aJuia j AJj^Ia o c i L&l OJ^J Ufrb sl'ji-ll 

JI 

J 6 - ^iJ cJiAi <Lli Ua £ jLj ^jII ^aUaII U£ .(whiskers) 

(_£^)^.l 4-iiLla ^jLaj-a] l.x^ijl 4_^JL-a Ig ‘^1 tcdLilVh SI^LaI! 4 a£^)a 11 Aj^iJall ^jlaj-all 

11 a j . 4_^_dal ^11 d_L/lj.lxlll ^jJaxj c.1^^.1 ^xj Aj^j^LII djl^ixjuill <j£^)a ^I^aI j 

Ji s 

(JA (jl^A ^^9 ^ a! 3-Vl (JIHa£ ^a, W" ua)‘i C_sl_iiVh dI^LaII 4 a£^)a 11 Ajlllall ^jla*-all <jl ^ \x.) 
<Lla jl^Vl ajJIc. uj^ jLj (Jj\ v‘il <a.^VujjaH ^iaUa!! 4l_Aj£SI 11a 

^LJjJajJ ^aJJ ^juj 4&«lpC. Cll^L^. ^9j .<j£^)a 11 jl ^ a !1 (JA ^^kl (Jl£dil ^Ic- ^uJalill 

<JA^\ ^jIsx^SIj ^ 1 *HaSI ^.xjj fyj}h JHaII ^Jj ^iLdaj JHa <Jajoil^j d 1 a J^ni^'l A_iLla 

sIjIaII <j£^)a 11 

Si jILaII <j£^)a 11 A j‘4j>3-a\l A^jujLujVI d ll^liax^All ^aJJ L_fl ^j-u 

L " \^ \ Jl'\ L Q v ^ J ^li t (lamina) a513j1I ^J 3-boalLij .aJIjII Cjljaill ^ lJIJVIj 

- ji 

t flLilVl djl jiAA JAXua 4 dill . ^i^aj-aAil j t flLilVl (_^1 ijjSJI ^1 ^a !1 ^ iuLla^^ 
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(j-o (laminate) ^ j^J^ll a l_s^jj cAjI^-iII j 

. oljjLiil <j£^a!I A ^cjUj^JI dll jdAA (j-o ^Lq.V^H a 1 a (JLa£jj-u1 


ciS&J 1 . 3 . 2.1 

^JajoiA L_lijjJ (jc. ajhc- ^Aj 4<JiLUI A-IxjjLoiVI Adlll 4jjli^)ll ^)ii*J 

Ig £-a ^ a UAJI jl 4 jaL^.I (^Jt3jill ^9 1 _a£ ^ i\'u ljl_i^.lj) 

La£J^^-a £_a (jj n^kl (jii^JajuiA (jdalii^ 6-1 (J^dll (jjJUj .^-3 ^j-£Xa ^axill 

11a ^1111 AaI*1jj (jAk>i L_filJVI al^jl LaAA^. 1 (_£ jl jJ i‘* n*\ 4 &aLaU (jjj^j^l 

A La^aC. jj£jj c (Jja*sMI (JaLc. jl (_£^1 a]I (JaIaII <_iUNI jii*J . *UjYI 

j)A^ 1^ ^1 4 }a! ^1 A, j Ox, A ^1 ^ijl^k^OAll (j^^J (jl (j^AJj t4jj9^ 

4 q }h ^11 . Ig, jn Ja^JI (Jaj j £jjjj (j^ll j 1^1 jL<l^.j L_fllJVI ^ooAj ^ A qjh j 

(jl A^j i*’ n*\ 4 7-1 J^l (_5-S l-a^ ^Ia c Qjl LaAIc- <x^ald A-iaA 1 oli s j^Vl 

c^j A U^J t:4^jqL^.^\' S^LaII ^Jj i o jUl ^y 1 c- ^j-a 

31 l_g_j cjaiijj 4jljJaVlj i ^) jj.*i^a\I - illll ^ya 

- fi_il]l L-l^-UJ ^jliLj w '^* q ^ S 4 QjQl ^_3 ' '' ' ' ^ j (J-Sasll ^A 

al^La]! 4 _j£^)a]I l\ jaII 1^_i 9 cj a “*• " ^ b ‘ (3-4^1 JL 1 4_ill . 4 \1 l ^iq jl J 

. :jyhln‘l 1 ^—i^- 4 ^jq, -^./'U 4 /l ^ J \ 4_j11a]I j jl i t_$\ t^jj^Ll]' CjI^jjx^oiIIj 




Cj\1 44l4j 
.IkjVt Sjjij uiUJi 


ot5 5ilij 

4 <j'f. » ijUii 

(laminae) CilSlS Jl al^Jj : 6-1 
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1.50 


Z 


X 


— pv~ 

— ~ ' -p3|tz 

I _ — . , • / V 


2= 


V / / TT~/_ 


7 


\ 


-XJ N \\ \M 

J£5f 


“J 


uiLlSlIj AijQ.nall CiIjL^aI fjh jjt < LilSI jijb :1 — 7 JiuJt 


^3j -4 3jQ. j l ialjIV' Allajll Cllj jlxs ^uajl ■ ^ ' ' *jj3 j*' 

.8-1 JL51I ^^3 CIiajuj^j XiIjS £Jjl (j-° -1^.1^£ Jlxijl - Ig^^L-u Jju‘i ^aJ 

* * 

jsl\ ^ jljjJaS (jl ^j-«a (J^)a] 1 (^l^Ludll ^alc. J£jaJ L *<>1 JV1 l 

AiljJal ^JaJj • ^JUIa!! (j.ji]l ~ (lO - ^ ^ jLjJI (JA J^l Aj^aII 

^3 nxj (J^aII cil jUl Aj£^)a]1 ^I^aII ^jJaxjj XiI^jaj] ^ ill ^ja .jj-lxll 

jljA (jj£j CO-jlxll ^3j .AJjA**k\l A_ll j] Jx^a^J Ijj ^iC» lb^)A 1 £^Luj A 

J^lxn jLoj (jl ^ixj liA j ;A-a.j] Aj^l <j£j ^aJ lij 7a. j] 7 j^)a A nl^Sl Cjlijaj-aAll 

ULal ^-AxjJjJ . ^)JC. jl Jlxijl— t^I^Lal I^Wia'i l^jl jl JlxijVl A£.^)JudJ 

<jjjtil! b l^iV lilli j c A-IjoUjaIIII CjUL/IxIIj 7c. j Via 11 Jlxijl - jl^a-Vl Cili^lc. 

s * 

— 1.;^ ^-Ljj (J!lq t q qljlylj 4 _}£^a]I ojlc. (J^qLxj tojLqi] ^jolLolV ^ ^fLijlSlAll 

Ciial ojjjJ 
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At^yi a 8-1 js£fl 


(J£joij A jJ^-n AJ^a L <al jl^l c*i]Aj t A jJ^vn Aj^a ^ ^ Lgjl LS^" 

aV^I c_JJ^)ili]! Ha ^jJj.j .1 Vi c_lliaJJj .o^Lai^Jlj AJIHaII i ^ j a ^JaC-Vl ^joilll ^)3jJ 

^aJJ ^aJ j .^A_^^l]l A_j jAllIj Ug jK jl A_^.^l]l AJj^aII jl A_j jAIII (JISjoiI (JA 1 KS1X \ ^IjjC-VI 
jLA auIIiIaII Vj^UJI jl ^aLaIII caa (JH-qI \hi \ o-° aUxII a^,-^ ^ jja (Jaj 

.auu^i cj! ^ a^s^aIi saLaIi 


^Llaii ^HLaII 2 .3 .2 .1 

1 £a A ijt/i'iL djlslii^) ^ja AjxVn ^^A (l3.niin3.tc) A jq^J-ill A ^jq^^ll 

^3 ^jJa^A ^A US tVjlsls^)]! ^3 A_Jjajj^}]I SaIajI VjIaUjV SAAxHa Ci_jl.gV.jj CIjIa (j^axjll 

^jji . il 9-1 (JSjUI ^3 djl^iVll (_jAjJa c flLilVl AVjj (j! A,J^i*\^La l_l^jj .9-1 (_]SjAi11 
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A . A A Jajuj^V^ ^Jajuill ^Jj A u*nllj l^iaLiLa 

; 

djlfllijll ^3 *i A, )*ix l.g >.j~ix,\ £a AiL-alLo SjlxJl ^3 

^a. W'u^jj cA3l3^)ll j L <a\ jt.j A3l3^>ll ^3 Aij^x^^li (j-o Iaa 3 (jl ^."latj IIAj .SJ^ViaII 

.A_9^aj-a-all S^Ia (j -q 3j^aI 1 <iLjal (jjAj jl >a11 CIjIsIs^Ij <3ls^)]l (jx-al (J^.1 (j- 0 

(_£lll ^^3 — jl A_all^A j^A (j-° (jA c_alljj (jl A jq \h\\ (j£-ajj 

* s 

Aj^ila <*3j 3 ^_ijj (jl (j£-ajj .c_fll_i]Vl-j Sl^Loll dAiils^)!! (j* i*‘ (j-a — AJjllij 
A_ll jjU (Jjla L-lSlS (Jja. gJul^llj eUai-A L_ fllJl e_a] (jo Aj^)j 13 A-ijljiuujl 

ol^jl ^^3 ^xj Ajl j)J->x*iVi <x3jill ^^^a <iuij ^.aaII ^3 (jj*A al^jlj (ni&nclril) (jl-iiaill 


.<Jj\J^a11 A^IajuII tillj J)\ £A 4^kl 

SjIaII og-lx^j AJIHq A3jlo liit/i ^3 ^_iaj-alAl Ajxan^Il (_jial^)C.Vl .1^.1 (jA^j 

> 0 

AjiLUl ^cjlaj-a]l j nauj .^UojVI jj-aixl] (JjaVi'I AJuj ^aJ jlj i” n*\. j A_j£^a11 

1 g g j-njj (j^AJ A_LiIa (J£S A_1 xjjjj^)11 S^IaII CjUUjI (jV l^J 3 j^)3 (J^jaJ A_iujlia 

^ylc. dill A_iiLia <^_iix-£a (j_A dAiila dlui A_i^.jj (j^AJ 6 (JIja11 (JjJj-u .A^IaJI Uxi*\ 

° . . e * * 
£a 90 (Ja*j t »' > A_j3lJl AjujVI CjlaJall A_i^.jj ^aJJ Ia nj C(jj*A oLdjl (js j i**lU J-i 

^J1^2»-j aJU^IjaI D^Lai2kj A_jlda A_dA_ill A A *\jqx^ill (jj£j3 ‘elaiVI cilll 

(jjj aJUVujjVI s^Lui^ cj^LqUa A_iudj (jj^j j ^-j^)^A (jjAl^jVl -^l %50 

c-flU-i», iVl o»lx*i^k djjLoL*A Ajjoij (j£J tL_jj^)3ii]l a_^.j ^_gAo 6i4 q \\ uaII (j^l^jVl 

^io aj^lo . (JlfLall l^A ^3 oJ.Wa ^iO djLa±)a]l Alj^jia (jV Aa^1*a ^JO 

C A A_^_iix-all JajoijVl ^Jajoill (J^^ ^iallLa (J^jaJ Clilsls^)]! .^u^Vn ^aJJ ^al llj 

^ * K- 

oIa ^Jjosllj J . AJU^IUjjV l J g.1 W iVI (jjj (jl^Vl cJiA^ djjLoljtA A >jV^l (jj^j 

.^jl^ll (Jj-saall ^3 Aa^^a A_a£ (JjauI (jSj dil jjA^ll 
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ulili jil (j j ±i AjjkJaJI f. Uil jlaia : 9~ 1 JS^J) 

uiL&b SIjjLaII AuaJll^it AuS Jt ja 1\ juiuaj 4 .2 .1 

A_j£^)a o jb £_nx-aj 1.1^. A^jj j AJLAc. cAjAiiii]! ^I^aII a ^^Ac. 

A-iIaC- (JA 1$.^^. ^ ^ JLaII ^JU/11 A_1a]I_C- 43^ J I^JIaxIIujIj 

JaI£ 1I (Jj-^ V fcl-^Aj ;A_IaI£]I A^LaJ^H A_mli ^Ii2k jl ^jLajVI jj-iijxJI ^-ijj-aJ 

Aja^LIa ^LasL^I ^aJ tL_llA£JI ^ja IAa *A_j LjjC.^)a Vj 1 '^a.o ) u*oMl A jb» \ 
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^ i a jq \^\\ i aLAVl-j oI^IaII a qj>*oH < a_j£^)a]I jI ^a^ ju^'i 

' * ' c 

a l.gjx'iij cdli ^xj dAala^Jl ^jaV'i a jqj^ j j $<ala^}31 ^j'uAi J^.1 <jA 

. 4_iLlLi]I 


4_ujLu & l 4jj£^il JiulSi 1 .4 .2 . 1 


f'J^UlJ cl Jo-0 (, djli^i^xc]! J i. iLllS/1 ^_y* 0-— Jtll-O (Jl£J ^ If- (J^ ■ 11 lljUj 

(roving) 2A JUs j JSA ® ji » alJS/li .cjlalij J£*i ^A j' 

(jl C (j^A )J . (Jj3 4_J^JA A_A ^^)*^a!1 J O^aLaaII <. flLllVi (JA *Lc- J)A~^A ^JA <■ alljj 

4_nllc- ^^a l qljlVl OJ ^ J 1 a£j)^a jl oL^jVI 4j 2L^J (j^£j 

^LaJ . Aij^x^iA^ li^.V ^a. W'u^j'l i^jA^^JjVl (JAa S^LaJ <alxA jl Ajl aaa 

> 

a^uJaII JV' cdlj J 1 a ^sij i (preimpregnation) (3^-^' ^LuiVLa ^Lxll ^ 

.(prepreg) <1^ c—aLJI" 


^^Ac. (jA ^i^ix-aA ^a oL^jVl Aj^L^I e-aLAl ^aj!L c^ c ' j 

aL^jVl jljlld C_sl_AVl £jJajJJ C n*\ 4 ^ 1 aaV 1 ( 3 fJAA AaJ^)ja) (J^-^ 

<Jajail^J Ja^a (_>*^ 1 gxa^A ^a L qljlVl ^Ac. 3*sAi ^JJj . ^ 1 0 1 (J^jaII JaJ^joii] 

Jaj^iAl ^.Iaj (_^A]1 aAjI^ (backing) 1, x>ijl Laj|j <ajqx^All 


^jjjaII Jaj^jjAAI oAiaj AaJ^)jAAl IAa ^Laaj^j .(foil) AaLaill (_jAjJa A a a) q *1 *■■'"* AVI ^ja 


^)3jjj t^jLlAA (J£jAJJ .L_llxl] ^3^*^ £ja! JJ (Jl A^WVl AjAjAJ J^a]I 

l^X-Lliaij ^aJ \W 1 ) ( xa C_fll_AVl lA\~\ l-§^ ^aJJ ^-LiiaVI A qua a ^jj\ ks-x^j ^LiAAal 

2l ^aIIj L_fll_iWJ 4_1 ujJJ^)11 (JI£jaV1 CjIxj^jj iilliA j .£cjj 1^)11 4_LajAl^j 

• a q i ^ .1 1 
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U ^ — ^LuiiVI Jiuu : 10 _ 1 

(General Dynamics <j*£^LL.j Jl jIa 41 &a £ib) 


CiljJa^l t-ili 2 .4 .2 .1 


*b£^dl ^ (layup) dibjlaSI c-bJ 4 -Ijoujj Cljljbc. Clib blliA 

aJjaSI j (laying) u^jall j (winding) <— alii ^ j L_abWb sl^Ldl 4 jViUj^'I 
£ac- ^ic. ((_^^jo11 a_i1ac. ,^1‘^j) c** il ^.bj 4 jbc. jblkl Axiixjj .(molding) 


Clibjibj J i 4 K x a) j 

. . .^cJl 4 [)x a 

C t Q}\« \W j)\ 4^a^yj^\ j C a] t kill ClibLaC. ^jAt.si \ \ 

(j-a j t ^ nl _j (Jjbu L \\W\ j)\ ^a\ ^ja -bjj'vll C_al <-_albj . 4 _j c. <aj\x'd\ jl (jibbll 

CjUUjI L_ibSVb i b'ju'i ^jj .(11 — 1 ^lajl) (mandril) Jjbbll AiS 


(b 11 j .CjUIajVI 


2jA*J 1 ^9 S»bjj>ll J A-jllldl ^ic- <aii^-a 
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SjLiC- 6 1 CAil£ IaIj . LgAll Jlj (AUa AxJ ^sJJ ^aJ ( ftl ^ill 4_l3 LaJ t<c. jA^k a'1 (JaI£ <_£jja! 

Ig, n*s. cJ^j AjA^JI JaxjJail c-lej I QjJ-Vnl ^jIa (jls iA-iLo^) 

lAA j — CALaIc-Aj — A g j Hi) (.** )\ »,ja Vi jiax j <j^£j '^jIa^II *Lij> u^iaII cJ^-J 

-LaJjjoiJ vIs^jja^M Iajj . AjA^JI J^jt ,i.j~i\\ c-lej ^3 VVi3 <_je l.g ^C-AjjujJ 

JoJ^JjaII ^Aaj .4_11^/U <LLls <aC.1a SaLa <Jajail^J 4 £jaLa±a ^L±ia^M 4 {lui-a L "<j\\W L_alljj 

(_jl (_j^A 1^ .JaJ^jjaill CAlajla] CAIaL^_J^M (3^-J C_J^Hxa1I (J^jaII c-HaC-V 

^3 A \ \\ \a\\ j iLill 4_la^)jA^M (_pj^)il 4_ll A Lill ^1 LjjAj ^ja^)3 L$ 

V^jAll ^ AiIIj xsi A* i \ j ^liJA^M (3^ kjAA ^jaIaQ) A_uj^)3 j)\ ^jjjLaaII t &1 Iajj . 1 2 1 

^jjj^)3 ^1 JajjjVll t Si] ^yA J A-C- j 1 )*ia (Jsi 4 _ia^)3^ ^jALaaII < &1 ^)JJXJj . ^jJJj)\J^a11 

&£.li£ n a) <A11a j coc-Lud^Jlj 4 AL±a1I <_ja SAjjaIaII <^_sIaaV1 Vi V n^. <_ja A- )a^yl y $\ 

lAAj .fiLVjVl AjAL^. 1 ji J^^jaILj 4A^)LLa (jAIaaII ^3 L_fll_il^U aIxjVI 4-AIjj Vlx-all 

4AL±a11 (_JA ^JJAIaaII ^gjj (J JJAS^lLj ^-AjaJ V ALxjVi 4 _AIjJ AAx-all ^jl ^ "ixj 

(jAlA<i]l cAj^. oLVjVI CAIa A-la^A^M A 1-? k Ail jJ l gjlo (Jjj-a^Jl ( xj3-i‘uj.i‘i o^Lai^Jlj 
* ((3"*°*^ cJ^ ^jujLaI (J£jAj ^Ij^LuiIa a^Lud^Jl^ AjLiaI] ^jlAL^-j! Ia ^a ^a! 

iu*n La A^. ^Jj S^)^)jJalA ^jl_i^.V^ AuJLc- aH OJ& A <al_iJaj 

s! y 

^jLlx-sall ^3 AAIIa djLajia£ Lille. ^_jALAall t." \\ w'u^'lj . A_i1ax1 ^ajXJ WlVl 

• <ajaL^. AaaAI CAIa o^La^JI j <jL1a1I Aaj 3 V AjAlLall 


A q u*ia <. flLilV ^-jAajiill jl Lj^Aj 4-il^All CAl, iIaC- IaA ^ji j^Ai 

0 - > 

^Ja^ll <ajjAA LiaV 1 <aljAA CALaiiall {j^A & ^jl_i^.V 1 A_iille ^^3 j . CAliila ^^3 lf*AV 1 

(Jj£jAu 1 <xij^)A CAL^^jA (.** ^"i d )\ $\k\\ x>i dllA *LiAajl (Precut) 

y 

— 4_i]ji]l j .13 1 3 £joi]I ^aLulj La£ i^jajShq > >* 4 AiLall 4 ■. ij. 

CjLuIj^J 4 nii ^ \i liaLi^all^ (radomes) 1 . | / <> " — (JliLoll Ajf^ 


JlijjVlj .A^laxJI ^ (close tolerances) aIla cAjjla; ciili 

J ^jUI 0^-4 1 $j3 ^jj iiLt (Resiss-Transfer Molding) (RTM) 
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a \\xa aljl ji L_illa c^aL-a 4 j> nl_j AiL^. ^_iudj (sheets) 

.14-1 JLil! 



^^jjLua til ja-a Jjj-iiua ^ Jaj^l uil : 1 1 — 1 Jlutll 

[Structural Composites Industries j* Jl <> u^k) 


a .1^.1 J aj)lvN 1J j£^l 0 ^lx-£3 tl^Aj 

a^A (JIaI ^1. Wu^Vl <jj — sLilbU (^_^±uia 11 a j)lr\ 

^jjju CIj^LqIa-q 0-°J SjLajI ^gajl j (_£ j^fLiLali .Ij.wMi 

jAj 6 F— 111 — M a^)jUa Cjjjjl _ O -0 j)<a>-Q 1 5 1 
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j ^Ldl dilill A_a]j3 >." \a) i^y^\ £2lj ^2 j .AI1 a]j3 CIaxLi 



lull Aia ^uiVI (ji ^2 Ail : 1 2 — 1 
( Genera I Dynamics q^aV^i J| ji* ^3L) 


(> (sheet molding compound- SMC) ^li^l a 2 ja t-ilbj 

^aJJ .A^IIa o^Lq j 0Jjl^ll <_ja ‘kkjki.siA jja ^jIjjoiC. Ak.jJ dll 2 4_*_LaLa L 
^Lajdl <jl Li& j . 1 6 1 (J^dll ^^2 Ia£ 66^-oJxoaII A2J^)lailj ^jla^-all c_1^^>a 

A n>C. £_a ^jl ^ja dlljl jIuujV I Ac. ja^a UjlTlj O* 

s -* 

diVl ^2 ciilj 2 xj JaLuUJ A gj ulill ^jLaj-all AaIjS l_i£^)a dllalil ^.W'dnj .AjIIaII S^IaIIj 
. i" ll Wldjl J dlljLiuJI Jja A^LaaII $.1^^ cJ.ft^' -Laidallj aJjSSI 
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L_J fiJS s_J&^aSI 


l J iiH 


lai-JalLi 4jJ jail : 1 3“ 1 


5Bh^*£$ 




$$ 


Sis© 



^ v i^.-T”ga , ‘.?S ! a 
k „ '-.< • _ 

I 



% % % % 


'.:£•$ <c •' >;'<??; ^ ^ Ci ■! **£ ££ : 

» ! ll nil kiI*k 

kojl jaJ 4^_p) 

P*jj»' 







* ^ <ijc- 


(lP ^ 5 J uJ^) jJiJ 


^illllil (“'ll o il-. 

k^iUVl /j* 

■ 1^ j^txJl jjl q 


JISSW4 gliljll *JjS : 1 4— 1 JiAB 
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F — 111 II SjiUa JfbA 4c- : 1 5 — 1 j£«uJI 

( Genera! Dynamics Jl j±± <> jib) 


CjLia^j A_ijLuijj (JlSLlV ^jjujLaa]I ^bj^U f^lkloiJ <jl CliliLal]! ) A )\ax \ ^j^aj 

Cjl^k. jj dal j i—sblb <_£ jLa qa dlalil ^jc. ojbc. 4-Lkl.lll d^IaII (jjfb 

cJUJI ( ^lc. c ^-*- ^ 1-g-J c 32 J l^-Lj^Jub ^aJ (j-oj Cjlajlall AjjSj ^aJJ . 4_abkA 

^3 (_|1a og.b.u'^ jj£I <£iLa ^ bA Ja^^b j .17 — 1 (J^jaII Ia^ 

1.1a. ^JlIa Ax xsi j^IaII A.\ ha II <ixla]| (J!1 a . A J-ij^aII — ^-ui^^jjVI Cjlbla 

. AjVIxa AaIcO 4jI ^Ac. t(_]^_uiSI 1 ^ajUA) <jA ^C.^1 fll^^jVI S g-b.ua 
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» ^ .1 I - -I L— j l-V 


illLg ajlfl -£jj\j ^ij^r 



uAAj! i> *t^c 



d <£SS5S1 
— '<r 


ujlAi c> *' jSd 



4 L „ ,i i 

~r. . 'll .,H ^ I y»-v I 


gJl \*A\\ A_l1^2 l_i£j^» 4j] : 1 6 — 1 J£<ii! 


^£]l 


•jjj a 

POO©© 
060 PP 


©0© 

/"v\ 

4fii J a mV/ X 


"\ 

\Z/ w 

~^r^. 

a^sj C /*S\ / "H 

h 

«1 K -Tl 1 » 4. , <1 



JjiaJ 


? _V 3 J>il 

^JaS jUiLj 


(AajajI) Ailj.l!L] JjLuilSt Ajlafr : 1 7- 1 JSaill 


JllaSi Ai^al L-iJ (continous extrusion) jaw *11 jiillj 

Ig-Lx. " i - IBhjj tsL^jVI Aj-LiJ o-llc. La& sDjIjll o-lLall jj£j .AjS^all -I jaII j-a AjjLijl 
Ua-a I .lx A nl j)al£Jlj jj£j Aj jX. A-iUj^all a^Lal! jV alllij 4 j^iall a_lll3 (JIAx. ^j-a 

cJA^I ^jj (ji -(extrusion J&JIj CilAac. la£) l$*a.ij ^uay 

.18 1 aull ^9 LaS 4 dlljl jlaxal j Clll^xja olC- A lajajl jJ o.ljlj]l ojLail ^lioLall 
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JjiL lib L-ia-uJI : 1 8- 1 Jddll 


^sJ 1 V^lj ClA i'aC- (JA Ic.^Ha I^^C- O^lc-1 LlljljJ 

<ail^A oAj^c. c. 1^^.1 ^-llijy dal. j\a» 11 t^lL JUsdJ L—ilc-Vl KaaW daLiiAxll 

^Laj] £ (J^'In <c. jHaJI 0aJ <_j£aJj . CIjI^iaaII j <jia \ 

l£ X- ‘ j t4_lLaC- ^Lajl .19-1 ^^9 ^">) La£ ta^jjUa ^Li^. (J^g -ll^j 

.(Nondestructively Inspected-NDI) <^£LjI V w ^^9 Jj (> «. j?. 



S jjUa ^HiV ^-ilualSI CjLLsC jjj : 1 9 1 JiuJI 


(^1) 3.4. 2.1 

4-j^)jAjl^l]l ^A C > 4 j1aC. ^^joA-ujI (j£dj ^m'l ^Jjdj 

.» it 

i flLilVl ^JaLuUJ da A, n. "la. a 11 jI^aS . ^AjjJaL^Jl ^I^aII^ 

^ t t i 

ikj ji jLkdi ^_ja c_Luj^j ^jl IaI^ i A_ia^j^)^]l j <j£jaI ^ jjjoill jl^A 1 a I .L_lix-a!ia 
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— A_1J ijJ^^ll 4_IL^. — ji i^—lL-saJj A \)>C. jAjJa L_al_ilVI £-A 

(_£ ^gic- Li& 1 V'Wj tl^Aj .<jj^£ll A-AaC- o^lL L^ (JjLa 

. dll jjaJ jJI 

•a * * # 

J)^ a (J-olx£ D^ic- c_flLjaj L. iL^aliil djlj <a^aj-£XAll <11^. ^a 

(Jja — j^l dili CljLiJA^^jjy I L_kll2j .^jtuJaSI ^Liaj^II S^aIJI Jc.lij jA 

^JA^^ijVl jA jA — LlA x\l (_g\ J)\ ^a jl ^aII (J^A ^3 0 J^2».^a 1I C^ilj 

> # f 

^a o^)l ^)^JI L_fll_iJaj Vj . 1 Ag.-s jA .lie. Ajjja j^lc-lii!} AjumLa Adi jaj^ SiIa jA C-Jjdlj 

JI 

^jA-^k AjjouJIjj .(Jilaal] ^jLkll Jl ^ JaJ Jj t jjl jjl (_£l ^^juoSjjjVI aJI^ 

j # 

^>nj t(_£ Jail A_i1aC. SjjLLja Clil jlc. ^jldll Jj £• Jaj iljuJj (dLijA^^jjV I 

j 

n\^'^ (_£ jd dl jl^. ^-Ia] W'ud ^jll CjLijAaII jddjdj jc. 6 jjIJVia' 1 dll jlxll 

. ^.JaV ill ^C-^A ^JJ2kJ jl Jj3 

4(_£^dll A jIaC. (jyld 0^)1 ^)^JI dlJtij^)l 1 aK 4_jj ^Ic- (J^ (J Jll j^AJ 

' L£^ c -. ^. Ua1 ^ 6^x1 o^)l^}^JI Jj J'W 'i j .^SiIaII (Jjl ji^.1 jjd jXjJalljj) (_£ jdll jAj 
^2) bj)\^)^. 4^ji C ' i V‘i d±il£ lil CjUJuII jl jj dil jq^kAll ^jJaxj Jc-liuLi V (1) 

(_£ljj ^3) $4_ilc-ldll A-jjl jAj^ll dale- ja-^aII ^uIaj j^.1 C y* ( -“ ^ lQ?^ 

cdil j-^qll (.“ nh Vjj) c-LaII j diLulAll ^ Jd Jj S^jUadAll ^1 ^a!1 

Jl 

jjiki ^ 111 ol jlc. (J£jaJ (jl S^jUslIa]! ^I^aII (jl Ja^.^-j jl c > 1-lAj 

. 1 aJVua Ixjjjj ^gJaxJ Uaa Ji^l cJidj 0ljl_)3l (4) J *(^—13 ^11 ^yil j 

(J^.1 j a^ 4 Aij)q»^*iAll^ t sLil^l *A_A^ia-iA ^ ^ ij tJ^I jA JaiuJall ^Jj ^*1 W 1 j 

.Lskjld ^jI^I ^cjjI^II ^_jia 

^a (jA jll <1V-1 j a^)l^)^-ll A_i^.j^Aj c^jd 20“1 (J^dll ^9 ^Aldj 

jj£jj IaIiJ l C' lie. Lai D^C- jA (j-ajl! (_^uIAa jj^JJ .l^_lAjJa (_£^)d! JUal ^gjj 6_J LuiVI 

d>U.j:i]! jA (>** Id jlj ( F) duL^j^^all jA cIjIaa jA d^I^^JI <." \\ >^)»^ (_^IjLq 

.((°C) ijjUl 
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(j-G bj)\ ^)^JI <•" ^ >^)A ^3 ^_i»J^)Aj ^-lij^jlj (_£ Jjalll S^)jA LS^ 

a1a^}j 4c*1]a Aaj .^^jL^JI ^Jj ^^)\A ^1 j c.L<i]lj O'jjl aI^aII ^^>Ja (_j^aj i” n 4 ^ i 

; * 

djlc-LuJ ©AC- SAaI dliL ^lill (_$ ^^jalll D^)l^)2k <L^.^)A ^gjj Li^J^pJ 6^)1 ^)^J1 4_^.^)A 

(J^nJ^'i £a till A ^j^fLjj 4 aA\ x^i^aII O^L-aj^l ^ja 4_illc. A-^)A CljlA^j Q* (j-a^JI (j- 0 

. djlsli^)!! Aj -LaiuJall 

J£j^1 *lS a_Aa c. (J^Lk 0^1^11 ^Luj Cj\ ^>j 

Jaj^jjoi ^3 ill 1 g j <xjJa^AiA Clilsls^) ^jC- S^jLaC- 4_iiLla]l A ^jAaII 

^jj£j jl *.sri\\\ 0ljl^)ll Cp^ Jj m ^j-^) S- 5 — 4 -I^.^aII 

6^)1 ^)^J1 <^.^)A Alpjl £A J . 1 Ag 1 LaA| (j^AJ 6£-Lud2k J <jIHa £_A C > \\>.s-i L <i x*Vl 0Ajl^)]l 

^il! *L^.jA Jj LgAaO LgI A tillj u^-ljj 4 L_lllx-a!illj 0Jjl^)31 I Aaj 4Li^jjAj 

4j1 I&Aaj (.** i,W‘i V *»“ n«yi (Jlc. A^. ^Jj <L^ J jlll IaAjC. (Jj-aj gd 

<L^.jA o^lj 44_lL-a!ill Jj ^^-^JjAdll 4_Jlx-a!ill £_£AjJ • ^ Cj1^)A*j 

> 

bj)\ ^)^J1 Cj iL^.^)A ^Jj (J jj-a^]l AaC.j .Sg.1 myW aVn ^^JIIaILaj ^ 4.^ n**n 4_xij^)A]l 

4Ja3l *\.a 1 ' o^)j^)jJa l x>ijl ‘i«, j (_^All oA.WaII (_£ jja ]1 S^jjAa (Jl^. 43 ^) c£ j)j>^qll 

lAA ^^3 0 jji^)ll .UqIj <Jjoi 4 _i]L«£aLi]l u^ij 4 ^oA.Wa oAa] S^)1^)^J1 <^.^)A 

4<^1]a Axj .4_JlxJl 0^)1 ^)^J1 <^.^)A 4 > IUaIJ <jJai^-lA Og-lxAl-N C-^W'lAj 4L_lL-^aJ A3 Cll3 j\\ 
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Ii^jjJj bj)\ ^)^J1 

4_L^.^a £.l^)^.j ^aJ lijj .l*J^)jai cJaiuJa]! \lc\ A^nAk^iW C > nVil 


t." njm j <LLuJI ^jj-saall jjL^J ^aJJ Lo ^Ljal L_iIL«£aJ i ) "),Wj V t V 

■* » 
diijj 2 a <ajLoi]l ^ ^ji ^al^palj^ Ac-Luj ^jc. (Jaj V S«1 a] 

.(Luj& Ac.Luj oJLal 

c(13— 1 J^'l) ^-1 ^-ulaII (j-<» ^ja*J 1 ^^a 

(^ ^) 1 x .a j^'lj jLk^allj (LgjJaju A ^ ^jIL> ri ^j^.L2l j 

t->» l >.\i j Acjja]| j^. ila' 1 1^. Sjjj£ a a , jij ^22 J< cJiiAJ ^jll (autoclave) 


.21 — 1 La£ ^ Aj. MjV.VI 

(thermoplastic- <_sjl ^ cJi ji_a2] <_$ ^ill ajLc J2^ij V 

cJj AijL^a]! y ^^jxj Iaaj .Aijilllj j l^jj^ l Jj^-a Jj l 2L djjii. matrix) 

s > f 

4(jj] JJ (jl — (Jj-Q — (_J^-OJ AjL-£3 S^Lg (j-lllil 

; 

. L-lL .aJJ J^)ijj 



(autoclave) Auajaj jl«a :21-1 JUJI 
( Thioko! JjS jjj t> (jjLi) 
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a a ^)\x i, W'l jl^A < J^~ iX } 

* 

~^jj^k ,i.ti\W ^ja Jj. Wa ^ja ^£1 C5^] cJ^-° *1 (ji ^-iJalludj V 

O^lc. L_Jjlaj 6.1 a ^ajJj y ^ti^-3 V .^Jjiil! 

^Jajoiljj (jj^joull jl^. ^ j3^"ui)j . jjc. V y^ls ^Ijj V] [(500 C) 1000 F 
£j^jj»u (J£joij y 22-1 (roller) Ais^yi a <Ly&]l ^ 

. \,g Jam J iaJjjalll l‘* 

^jj aj^xjj Ia^_L-£3j aj!>UI (jjlj^ll y (cocuring) ^jI^LaSI ^^-wj 

j . l.Ag.'m O -0 (^baj aJL^. C(_ja1^1a cJ5 **»J l.Ag Jxai 


o^A 


(thermoset) by a^U^aII Aij^^Ali aj£^)a]1 ^I^aII ^Ac. jjuAI ls ^ ^ jb«li 

c^^IiAoaII (_£jjuA 1 y g.1 nuL) by^a. Aj.'AAaII <3^aj-aAll djlj Aj£^)a 11 jl ^ aIIj 
. (LajIj ^llalb y by^)^. AjIx^olIa Jajl aAjLx^a Ia£ \ 



uflUIVb Au£ j-aH jIjaIS Abl5ll j CjIjaaII — Ajlill 3*1 

l^c.^j (_ja a yd) ^£b <a^1a]I <^_ab]Vb olyLiH <j£^)a11 ^I^aII cr c '^ 

^jl jliic-lj -1^. yj <2lAJl C-lcb^H IAA jiLj c[4— 1] Cljliill cj] a 11 ^-Ijlkl XlA 
Ia£ .tiLi yi uj*^ dil^yUall y dilaili lilj^A" JjlgJl _jjjbll 

Ajj^JI Jajlv^ll (_ja -J^ U^ y^llall ^^3 ^jjjbll ^j\ 
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1 g x°i Aj Cljl^)jUa (JIaxILjJ djl oAC- V (jA^ll ^ja 6^jj9 

.<jl_i^a]| <al£j (_>saaj £_a s-IaV^ 4 >..^' 1 (JaI£JIj A^lij (JjlaLoil ^j1^)a11 


SljjLi]! Aa^ia!' aI^aII ^m‘i ^9 L&l m. w'uaiI ‘Loa^'aH <9j-all <jj 

Ia^. Aijli <j tl« j o^Lol^j dal j aI^aII jauuII ^Jt> L_al -±N\-} 

tililAJj .^U.jll (Jja fi^)A9 (JaVij ^)J^I 4-3^1 a]1 4. <a\jlVl Clu9l^)x]l J (JjA 

<jIHa IoAjAc. IjI^a C j dhA^ ^njx^n^j ^jjj^JA <AAala]l <j£^)a]1 aI ^a! 1 4^1L cJ^-° 

(Jjixjj ^^1x9 .JjjSI aA^. j ^)jjLa1 L$ aI_jaj ^ij^t^A Aic- 4_k-al_k ^jllijljd^A og.Uj.i'N j 

jsl\ ^^9 S^joaII o^Lai^Jl <jIIa]I I^jA] 4-^^)a aI^a u«"i 1 (Jjl ^j^A) 4 (JIjaII 

<a. V q'iA <j£^)a a! ^a c^lljA Ia£ !%70 cJaxaj Ujj (Jsl 1 g.'^lj 4 ajIiIaII ^Jlc. 

^^9 (JIa*!1ujV1 4xjUo AjjLuijVI ©aLaII — ^jjiaIVI c_fll_*_ijal Aj^\iL 1 a 4-jI^ajI (jA I^jaI 

Ia£ j — tillj LS^” J-^ C ’ • ^Ji£~ V %60 (JAxaJ VI tjjj ^Ajjj V lg *1^1 j — Cljl^)jUall £.ljj 

A jajax^MI c” \\ ^JVaIIj (Jtx9 (J£jaj <" <j£^)a11 a! ^aII J-iu^i <_j^aj — HjLa ©^)£a 

CjUUjI !aa l£j LiSjiSl I (parameters) CjXqUaII j ©*La*JI j ijliall ^ 

AjjLjaall 4." Ii^JaII J Cj1^)j1^i\ 1 ©Aj.W 4jjjl.AjAx^l*1 ^gjj 4 ^j1^Ja] 1 ©AA A^ijj 4_fl^joJJ .A ql'l'S A 

4 till j £a j . Aj.^jBn'l aI ^a!1 ^^Ac. Aajxj ^^all A^jLuJI Jjg >'1 ^jc. J^jaj c3j^ 

4<^jLaa 4_jI±ujV 4_ijLjaall 4-cAu.^i'i ^jjjjA*Jl ^j_ja5l eiiljnojjA's ^ ^ jjjllliill 4_ i.VWi 
4.” A,«\ VI ^ 4JI_jI jV j-lll (JA ^jjj^Ia SJlC- (jtijj ^xj [£ jLaa A_i9 4"lh j l,g ‘^1 j 

<jjllA Jj 2_A Ja^Jl <joUXJ iillj 4 ^jj1 ^9j .4^jVVi jjjJ^Ti'l j 

.<j£^)a11 jI^aII jj^iaj — VIaj^Ij Ujl jj dlfl jll ^jjiiijj — \ 

43^ L$ jjjlaalt j 4.** \^.\W u^ii ^Jj <a^1a <j£^)a11 aI^aII tjl^A jAjj iA qj'^1' 

AAaI£ C1jIa)Via 4^1lC-^J AA9 .C.^L^. 4^1j1 ^jLuiaII ^gic- 0^)1 ^_JA V Aj 

^)jj^)Aj 4 ^ jaSI 4 JA 4-C- j)*u^iaH jrtijij ^lAj-ajj i O -0 

I^jI JJA ^)JJ^)AliA Ia'iJI 4 I .3 «1 ^9 A-aA^aH 4_j£^)a!1 a! JaU OC-LuJ^JIj ^jIHaII tjl^A 

•3 *3 .1 S^ill o-° 4 2 .3 .1 a qK'i a-j^U ^ja 
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LutaJij CjIjaa 1 .3 .1 


^3 ^A Ia SjIa ag.Lja'N jl A_jLa AaILlS (jc. ^jjjkil] Ic. jko (Jj^Lall L^*^] (j] 

ILb (JdA (jAjJajj Vj . Ska. J (J^l U-JJ AiLkH Ia^jLj^ ^ja (_^1 A_JjaJ ^al ■ W‘u*il 

V A-alkll cislj^jlLo i^jjjjjx-o Sc-Lui^. ji ajLa ^j'q^k'i <ii£ (index) (JL.^11 ^jkjj^A]l 

jjjj t^Lkll a^Ldl A_a I£ (jC- l^C. (JaI jC. c*1La (jV clgjli ka-j ^_a.j^M jdj-aJ 

.<ilkll 

S^Loi^Jlj AjLaII (jla tcLLlVL oljLdl jI^aII LI^a (j-^*o ^jL^c-1 kjc. 

V 4(jLa.Vt A_nllc. ^ j .(jAill Ij^Lj LI j-dl La Ika. (jiiJLJl 

A j un'i ^jjULq , W'udL (Jj 4<allaA]l aJ-uJ^j (jjjlA o^Lu^JIj AJLaII ^J\k t.s-i (jC- ^)jxj 

LfT 1 ^ a^Lud^Jl j A_sLk]l ^-L- AjLaII a_ax*i 3 (J i -L -v yy* ^ . AiLkll ^.Ic. 1 ^ 

ac-LoiaJI jl jjl\ (JaIaaII j A_iC. ^jll A_jLa]I 0 jC.^j IaC. j nxM' A-Laj 4 A_LaL*iJJ iAiLkli 

(JLq (j_)_3^ A-iujLj^ CjLIJL] £a (JaLLj IaAjC- Aj^aLk A_iLLa. djlj (j^£j A_iC-^j]l 

akfc LI Aa^Jjoi (_^H1 Ia llloiajl (JLaj LjI ^ktJ I kb j .ALLjaall CjL£^)a11 j dll^jUall 

V L^Aaxjjjij (j_Jj aka. j (J^ (JjIIa a^LLl 

S^LaI] A_LujL-o^/ I CjL jkdl ^gjjl AaALaa A_iSLJ^ ^L-ailliaiL 6 ^)aV^ (J^l 
ckiL .AiL^Jl ^ajL^ak kikak ^3 ^alc- (J£jaJ — j L *<aljLH (_^1 — A_j£^)a11 

(_ja Lllijjl ^3 .A_iiLL]l A ^j-sajL-sak ^3 Aiil3^)]! <_^)-ajL-ak A j^j^ ^j-saLjaij 

Ajl^-j ^ tAils^Jl (_^jJjaa A_j£^)a 11 a^Lii] A_imjl_ujVi CIjLj^.qH ^j-sajL-ak 

AjLaII ^aJ3 (JjL*1 23“1 (J£ja]I ^aJ i A j^J-ill A ^jJjaa 

(j^£j 4A_i^.j^Aj]l aJUJI ^^3 j (^C 0 (J^LlaII ji a^lu^JI ^aJ3 j ^JjaC- 

C(jL^.S/l (^j ajLaII aJL^ Aa.^'LH a_j£^)a11 jI^aII Aa, w“u*a11 l_aL1V1 

cIa^aC. iAi^k-saA ^^3 L <aljlVl a^A ^-‘^ a J (^ 5 ^* ^LLll a jlakli (_^ jla'nj .1^. (JaLlaII A-illc. 
AiL^Jl a^A (Jkioijj .L^j^^a aljko Asls^j ^LiLax-a^ ac-Loi^Jl AjJaikkoj AJLaII AjJaikko 
.CljlALkjVl ^J^LkL AiilkA Cj1^La^.j CjLLaj (J^jaj 4L_k-aJJ Akia 

t(jjjj-aLkll (jjjl^J ^ ^laxll ^ajill a^LoLaJlj AJLaII (Jj-aj tL 'qljL/1 a^kL aLk^l 
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lljJlll Jg JVl -90 ~ c — ^ sLjWt ^^Ic* oL^jV^ l^a'n. 1 

^ .90°J 0° (jjj AjjI^JI ^JXJJ LaJjfr (jjjlA (jJJ £-a 

<jtLa]i ^‘u^UJ ^aj3 ^Ac. <jl ^1 ^a!1 \ (j£-a^Ai ^j-a iA 

t^)j*\.-all 4_±uullj U j^ll Q^ x ) <^iljj ‘90 Ajjl^l *^ Cr PC- 11 j 

j Aila^l <jtLa ‘90 ajjI^II *^ c, j *00 4jj1^]1 ls^ La^-ac . j 

4jj 1^11 Aic- l<a n j t^LA^H (J-sa jL-a^. 4_la ^i^x-sa-all ^-sajLx-sxk A^AJaa 

. o^IsjjuiaII ^A ^_aLJVi (j^ajl J CC_fll_JV^ pL^j! Jj 0 



(j<Vih/r\ ^jj AilijII jl ^jl\ AowjLujVI ljUjLa]| ^ajLu^k ^a JLalSVI : 23 — 1 J^LAAI 


J £3jAj V J iA^C-jI la U j j dlli dASlSjS ^ V*A<a £CJ^a L5^ 4_liLla]l A -s.jL.^1' 

Vj 0 Ajjl^ll Ail3^) t _ < )^ajlj>^T^ (Jj-a <LAlc. 4 A pLa ^<ajl 

£3 1 ^11 L5^J . (jjlAL^Jl U^ (Jj ‘90 Ajjl^ll (Jj-a <jJai^-La 

23-1 J<La» A j'q A A aV\) l$_A] ^jLauAI A qjV^H ^ajJajj ^j\ ^ v^j 
C’n's.j — cilli l±Li lij — 4_JiLla A £_L-a £jlaluij ‘90 J 0 (jilijl^ (j -0 
(_j-a La iS^-3 »0 > *— ^ J<a~N ^jl (_£ 1 0 Ajjl^J 1 flLAVt cJ^ 

A Laq’i jl ^llJ (JjLaj <J^aj ^a joij La .l^.jJ ‘ A j'q jla ix^a J l^_ilj ^jLauill 4<iJ->'i < aH 

CjLojIJ fj jL^l <1a^ ‘(bianially isotropic) jja-JI a^jLu ^Lba JiLaj 
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Sg-1 myW j-a (j-o jjAl^j! ^a (JaV! l£ i_y°^ 

Ajq iJ-a A “\ \kk^i jj^^all AjjIjj ^llJ ^JjLaLo A j^iJ-iH <^aix^a]l La j .AjIHaII j 

z y 

S.l^.1 jJ 4 j£ja31 A jQ j3-il! ^cjUj^all L^'^j (3^! O* S^C-l^ ^JaLoUJ ^a. W"ldl 4_iC.l_ilaj-a! 

j^ajL^-i^N ^-jLnll ^jujjI! 1^a\ ^a.W'udl C_Sjjjj j .La jAx_AJ La <j£j-a a^La <jjLLa jl (J jkl 

.<LjjliLi31 j^aljC.^ ^^-ujLujI 23-1 (J^ ^9 

A-ilLxill o JlC-la ^Ic- ^1 j-a S^C. ^ o»l^)>'l J 4_jllLal3 ^ua) 24-1 cJ^J' ^ 3-i xj 
djlxjja 4_laj»uljJ <xjL-d]l AjjLoijV^ j^L*-a31 ^_y. ajU^vs ^ij j^dil *^9 j . j J j S.lxj (_]£1 


i*jTjUl 

jill 


. 4_^.j!iLa 


sa 4 In “HT! 



: jj! j.^ 31 j-a (JI^jojI Aj^Lij <La.lij-a31 4 _j£ja 31 jl ja 31 j-a ^4jj! S^C- ^Jj jJjojIj 
jjlj.l£ Ajjj^-a'i Clilj Cjlalajll jl^Jaj ^aJj $<L^.jli-a jj! j.Aj IaJ^j d tfi-a 

jjAl^jl ^ \ j-a (JjLdi-al! ^A*J1 djlj dllaLij]! Clij^Ja L<mj ^^jujIj 3-i l.g \~n1 J 

j! ^jJal jl! j-aj 'LS^-J J 3-i “S Ig jj! jJ-ix^i 1 -ag x>ia j ^Ac. j^P J-aC* 

j c_fll2V! j] .24-1 (J^dll j-a ^.‘i-ajll ajj1*J! 4jj! j3! ^a ^9j 4_ilc-la j!i£V! ^! ja31 

V tLLL-* 1 Lijlj La^ j^3j .^SjAx-a-a ^ ^-dajj 1 -a.V^C- 1 £ *l^a 4_jlli-aj d^Luo^. Axil jj^J 

y 

.AA^Lx^j a j-ajJa t laLAVl 1 <a*WV <Lal^_ll LI j-a3! ^ 1 u*n 4_3jAx-a-a jjAj 1 flLAV! ^a. W*Ux 1 
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j)A L_fll J^l oL^jl Jj£l cL^J^I Al2k j (Jj^jaIII j)jfL t c4'A^ 

jjAJ 14,0 C- A ^_jlaj«all £Ajj 6 (jjAl^jVI j)A (_£^ C5^ ^)J^4I ^^jIjj ^g^lLoll (JjIaja 
. jj's.a'i ^Ijj ^UaJi (JjL^Lq Jj<; jaaii j ei_^jVi a^j 


i^j a jputA £a alW^ 4 _i£ 




Al ^A j)A 


VlS^it Ji\ oJ^ 


6£.Lui2kJI aJ^Aj AjIHaII ^,K'u ^Ac- -^3 dAsJ J 4_Laaj (jA*-Q (J£ (JliaJ . ^jLuajVt 

djb jLall a^. 1 Jj liA ^Ij^kj V j .24-1 J^juoSI ^gi 4 a jpg a II CjL*j^a 11 ^1 4 4_ic.^ill 
jj£V SjjjjJa tilliA i" u*nl cIa^Aj t4_Ajj ^jAUa-o A^.jJ V Ia£ c jliic-VI (JJXJ 4_1 xjjLujVI 
c<j£^)a]I aI^aII 4_IIa ^3 (_j£J . I ^VnllLo CllS^ll ^uiijj Lgjg-L^ ^JjlIai] oA^I j 4_laaj ^ja 
A^Laj)!\ i** Aq nJa4l 4 ja-v*\H jplxAll ^jAjJaJj .dIaj VU SjiL ^jU.Ti JaI jC. jIjjC-I c > i-nj 
^ 3 ^ 24-1 j)A 4 jU.i.21 AjjI jll ^3 f jha'VI j ^jjl.‘’i nil ^ A^f^ll 


L \)\ ^_y . ajl \ 4_iAAaJI (jAl_XA]l t^ilj ^j-a jL-aa. j)VI (JjlAil .4_1 a ^ Vajll A_ilix21 Ajjl^ll 

c24 1 ^^3 ^jjAjll ^^j-aSl j ^3 oAaJ ^aII (JaIaaJI ^Jlc. CluSl ^)xll 

I jj-aa. ClnSl^iJI (JIajcIujI ^liajjaij V l.V^l jVI 4 _Ia^1] IxjI j jAjj duSl^iJI j)l iaa^ylj 

(J£joi c. <n\ll ^3 o^SjjaII CjI jaSJI jjA (_$ 41 £A^)j <jl Inlc. j . c. <aj\ (J£joi 

4_a_iix-a]l olajU ^ 6 J5V1 ^gJc. oL^jV^ AjAU. 1 AjAflaSI <a_iix-a]l 

Ia UISa AjliAaJI 4_il*_all )\ qj^Ja'‘i'l j . j ja-xill AjjUj ^-^.IIaII 4JjL<ua AjAflall 

. ^jjjlaJjudJl (jiij£^)All (jiliiLiai! ^jiia_iaj^a]i (jJjlA 


^ic. j . A \ \x a <Lal_k CAl 1 ^3 AjaU.1 A A A VuJ 

A^aC- jl AaIc- a] Aiiaj-aA L <>1 ,j1V1 (Jx^ 6 (JIuaII 

<llJ elusive- ~ ^g-LAl£^JLjV \ (JA Aj^^A SaIaI ^J^AaII C1j1^)Aa]1 (J£ ^JA SaIaJjuJ^U 

(Jj cA^.1 j oL^jl ^3 c isLiiSM ^ ]Wu;ii tdjl^jUall A *v ^3 (_J^ > dllj 4_*-alaJ! 

S»U*i>'l j <jlliAll (jJJ ^rj^k i.s-i\\ qj^ jdll oAjAc. Cljl^k.jj JIajlIuiI c > v^.j 

CjV ( jl (j^^ t^jLllj .CjUUjVI (,5^ 0 -0 j^^ll ^-a c Vi^*i\l ^jjjAjjUl 
c. L_flLJVI ^I2alj Ig, n*\ (Jij fl^jaij t^)^-l fi^jl CIjUUjVI Ak.1 ^ ^>^1 
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^j-dL-adlL l^u u' n £_llallxd Vj . ^Jc-Vl Jjx^ll dLjdjd-a 

J ikj j ^13-VnL Jd (jl l Jc. jj 4 Addt-a Adu £-a l‘i\x>l x"i A_Id J AuaJuVI 

. ^dLalcd l^ulj luidal Ijj Vj) A Adull A_Id. ^^9 ^jl£-a 


Jl .id ^\!1a c 24— 1 JSdll <_^a ^1 _J1 C y* ^ axjujIj ac J nd j dl 
yi_^Jl J jj ^Lll (J-olxiill Jlc dual jc — AjldJl Jlc dual jt. — ^gjoi^jjuVl i. nj 
.AuldJ Jlc dual JC. ^juVI O -0 J^dH &LdL ^*^*A JP^ J Auxuial! 

cfT 1 ^ o_jl^}^. A^_jJ A,)nxJ^j (J-qIxaII ^Jlc i** Jj^- — ^-uj£ J$\ J^Vuxn cLq^ax j 
Jjj .AuldJl Jlc dual jxSIj AuJLa A_iual^)*Jl L_fllulVl J dual jxil (J£dj A j',aa \ 
J ^ajJjjJl Jj Laiu tAjlu-all Jlc dual jxJl (j-* La .1^. Jj L_uJ £jdajxi J UJJJ^ 
1^jjj£ ^jJa^-a C5^-5 ^ J cJ^d <Jc Lade ^jj-Jl ^Jj L^ldl J£1 ^xuj^ 

J£1 L J (j£d ^Jc ^ jjL^)Jl qJjj • if, ^ (jdt-a cJ^d ^Jc (j_jfLj Lade. 34-1^^11 
(jdt-a (J£d Jc (jjfL Lade Ada jLull ^juJI J Jl!lJ Jel jj J 4 ^^-a 


^jjL^ull Jc L^dalj lijjj ^jjLjjJl djl dlj AuSk^JI ^1 j 21 ^\\'d''l tcillLlj 
^ o Jjud. Jl Au£^a] 1 dLall ^ada ^jjL^JI l_ fllull (_£*^JH J *Auld<i]l Au^lu ^j-a ^-xl^-^JI 
J*J ^_j-a ogAxxi-N Jal Aijx-a-a ojLa iJLaxdxiV luA Ijjl JhjJal Jj IJd La Ic og.Lx.uJl 
J^djj .AuldJl du^ ^j-a ojnxA AuLdal Id^l ^ JJ ‘LLaL^.Vl 

ILAj 4 jLull ^a-xjjJl ^j-a ^)jouV1 ^a-xdll ^a Lta^-a ^dlj A_i^.d.Jl L 'qIjL/1 J i£ ^ t ^dlx-a 

^dd LadXj .Axij^)-a og.Lxxi^k dli c." Uxijl il^. Aullx. Aulda dli l^ul Jc- Jd 

Idli toLjVl J^L ^.1 Au£^)-a ojLa J c^l^dduj^U JjIS j£d AuJ_^J! cd gftfi 

c-^Wi^aj ^_^.d.Jl L <aj \\1 4 J^lxJl AdUdVl (j^lx-all Auc.^lll og.LudJl (j^d ^Jc* J-a^u 

^llJl JjLa!la J£dll J L_ Jll tilidjj . Jc.1 AuX^j Aulda d£lulL 

. ^ jddVl (J^ l 3J*"' l Au£J i^^^ludll jl .VV jqII LuJj Aux ^ lll AuLdll ^ 

tdlLl . JJiill ^j^Lt 21 d-° J Cy* ^ 5 -^ J ^ ‘jjlll Jdu 4 JLLaIL 


76 


(JaXUjuU U_a^xxl 1 a! Jj 4 AjIuaI 1 AjujLoI^JI dllulajll J £-U.jll 4 ^»l C- (j£-xlj 4 (JaXUjuU L_ fijJA 

.^LjiaJ] A_xjjI_xu^J 1 dig nielli ^3 — AjIuaII ^Jlc. nal ^kl\ ^1^.— dlial^)*Jl ^ja (J£d (_£ 1 

— ^juj^^JjJ 46 £.LxaJ1 A_xjj1_xU^_ 11 dLjjiajll (J^.1 (JA Ajl (J_jkj 4Aj-£3^1ddj 

^U.j — ^^^-ud^jjVl ^3-ax!ludj (jl c jAja 4 AjIuaII Axxilxxi^ll dlauiLajll (J^.1 (_ja IaI 4 4.“ nM 

. J1_9j£ ^^JudjuVl jl 

— (_JA ^uLaII J^jtxJo $.lc.j £-dd (jl lll^Aj 4 JIuaII (JjUuj ^Jc. 

^ajlaj (Jj $(Ajj^^_a^ oLdVl A-pl^.1 <jj£j V 4.**^^ t— ilulVI L_alj c_a^juj 4luA j 

AjjLj aIL^. J-aa.x^ill .Ac. jHaII 4 .** jail dla liatx^ill $.lc.j dljLgJ 

(jia*j ^3 j . 4. <>\,jDU ^Joj^laII L_klll .}^)^-a ^ja J£1 (J*d (jl 1 Ijlc. 4.. idld 4 ^jj^aII 

4. <j\jiyi (_yax . J 4. <lll (jl 1 x^ljl 1 115 aJ Ia£ 4lj^)J^)jJa ^^J'S.aII L_alli Qs~ix ) (j^£j 4<dVl^-l! 

J AuIIua AjIHaII JxJ Aifll jaII AjjI jll jlukjj ^uladxu j .(_£^kl LI jl + 45 Ajj1^)j 
^_ xji£ ^ jjVI (jA JaxjJall AuC. jl (j>i» ; £Ux-dj . ^ jj*a!1 ( JLu (JjaViII Aullc. Audll odb 

. 1 (JA jl Au^.l_^. Jl 4 -_fllulV 1 (j)A 4 ^ 11 i£ J 4 dual ^c. 


JjjjJts ^-C. jjA'N a (jjj JajujjliA ^jJa^A ^3 49® 3 j5 ^xxd^JjVl 


.24-1 xxi 11 ^_a AjLaII ( Jlc. dual jc. — ^^-x^^uVl Joj)3->^ j S ^^0 — 

(J^l (jA \JIa*Uuj 1 (_j^aj ^jll ^1 _J 1 *Lj 1 _C. ^ ^kl IjdaC. JAij£ ~ ^^-xji^^uV 1 jn» jj 


^ajlx^TN ^j^l.qj^ll ^ja u_fll_dal 4.41*1 a* i 4 C5 Axall ^al j\\ ^aj . 


(Jjx^^xllj .24“ 1 cJ^xxill ^ AaKj l^ull jLaaII AaialAll ^1_*J1 ^jl^^Jl ^3 

al^All A qJ^llA ^ £<U SjIa d^JJ ciljl Ja’^aII ^JA 46g.l xxj-^.11 J AjIuaII (jjj (j^)l Jj 

l <i\,jlVl ^jLuiaII (JaI£ Cy* AjIuaII ^llc. 4." nal ^xll ^j^\,qj5ll (jA SJuaaII 

^)lau ^jl 4, * dlj\ la J laA j . (JaIxaII ^Jlc. dual ^>*^1 _jLaa11 (JaI^ jl Au^.U.jll 

.^Ixa l^_^.ludl ^lill 6 JLaSI 4 l4 AJ A xml’ll AjC. ^ill 4.** ^1 j'1**1*1a 11 Jj 


— 1 (J^xxill ^ a^L-oJl j AjIuaII 4.** n^. ^ja ^Jc-Vl S^li^ll 

— Auuxdll AjIuaII ^dj 4fil_iuVl Adl-^.! 4_fllull£ Aalaj J ^dajj Lodc-j .24 
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JjIaIa J j . (Jj u>a Jiij Vj Aju*n'l oc-LaJI JAjj V 1 aui t j m^a (J£jaj 

4^a jdtiiill jl A^ Jll (j-Q oc-L-u^. jj^I — JlaJ t jj*s.a'I JUj ^llall 

J <jtL(Ji Jlc. cinsljjJI L_ilJI l£±pj .Ajuai'l AjIHaSI £!aajj A_jJ o- 0 J- J-j 

(jj ^aX — (JaIaaII Jlx d_n3l^)x]l C_ flLill 4 dill! I^Laa 1£Jja aI ^aII 

# " ■* f 

(Jjj ^xj-sal A j u*n dAjllLa Ia^-aX ^Jaj — ^^3 Al ^aII A_iiL (Ja ^)j£l l^j^Loi^. 

4-*\Viaj . ^JIjj ^UaSI (JjIaIa (Jj£jod ^^3 £_iJajj IaAjX ^jJIaIVI <_ja Ji^. ^pu-al 

^ jjj^)A Jl ^ A _ ijj ^ a | oL ^ jVI AjALJ djlja Au ^ iYi A _ Il _^. J S “ ^ ja £ ^ juVI 

Jl J j) 6 £.LaJI C* n^k ^ja IaAAjjj V A_i£] 4 ^jJjJI jl iV A_nx*u]l AjIHaII L_kx-ajj 

.( fJ ^2nll jl iVjill (JA SfiljA^fc ^Jfil ^JJ^laI' ^Jljj ^JaaII (JjLaIa J^jaull ^3 (j^SL 
i^j)\x^\ jl ajJjJJjI jl AV Jll AjUdl'l Sc-LaJI L_fll_3tjJai AlLu j Jl ^a jJj^JI i4Vaj 

J£l d U J Ig \^\ — JllLj AjtLa AjaI 4^a jJj^jJI ^C^LaI UaI .AjIHa ^aJJj V A_j£] 

j ^j-a Udaa.j AiJj-aA ^jAjJa ^a ^Jj^)JI u£OjaI (_£Ajjj . ^.a'^.^ 11 ^a ^jL^nll ^j-a “ 'Ss-La^ 

A_j£^}a aI^a aJL^. ^3 AaI*JI CjI^iaaII 


^3 < j^£j ScAja Jl (jl J 4 AaI & 24-1 ( J ^ jaII ^jLnll ^ jaJI A _ i ^. IjA^I jn»'i 
JjAJj .JpA/l J l Jx <jjjj l^jl Jj 4A_iaAVI <J AillaU AjjLaa ^jLi^VI 

J l n ' c . 4 c ^ Ua ! .OC-LaJI ^ 31^11 ^3 ^agjj { j ^ <jI!1a ^ aK (JJl ^ j-uLlil ^axJ 

^jC- IAjAja li^Ilkl ^jj^V^aII ^ia^JaII (jjAA (JaI£ (J£jaJj 


. t _ jAax 2 l l . Ag . fc^lXJ 

4." U J O^LaJI j <jII1a]I t.** n*\ ^JA 4 b\ JaII <j£^)a!I Al Jjq1\ Clll^jjA J 


oA^J S^^jlJI L_jIjjaVI -^-Ij .AjjLiAjj Cljl^lA Jj ^)jaLia cJ^JAJ <LlS Ig.XjA'N 

aJUJI ^^3 ^A Aj£^)a aI ^a (jA Ax. j; uaa (js j dj^L^ ^11 ^jl A qjq^ ^A S^AUall 

Aj Ujj‘^1 C1A3jjla]I oAA AjaJa . A j‘iA» aII ^3 dilj ^ja Ia~^*\ ^LaLxll 

.Aj jaII aI jaII t." iUjjJtm J L_fl2l£!ill JaI jX. J ^ jjJa^j JJjJ JiV A-JUil] A ^Vull 

. Ia^V oA'w,a I A jj3 ^a^jAj L-Ajjaj 
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3. l 


— A-lLolV 1 4 _iiAl Cy* (J^ 3 ^) J* ^>*- uj ‘U S-Aa 4 _ilS (_j-alAjl AaIxj 

A-isciL-aJ kllljlSj ^)JjiaJ ^^Ac. j 1 4 m * 4 _AaC. ^-lik-ajll «lA jA ^^Ac. — lW J^ 

^ja k“ llU SlC- qa ^»UA1 klnal^)*Al dUa k_i bLAl ‘li .&£.IAS ^)AS1 6^J^2k. 


UJ^' ^ .!'.!»> “ i> JjV I CjI >JI (800-600 kg/$) lb JS1 oljVj^l 

^juaA I s^f^. ajIjj k_uxuj tillij 1 1 990 ^Ic- ^ (40 kg/$) lb 20 J] 

k <>1}11 qa (JAa^j c£ u 1 ^ t^liLAlj .£_ia1j JjUaj ^Ac. ^-LijVl ^^-3 A_AlxA]l lil^jj 

ciil^iuj Jjl ^ (800 — 600 kg/$) kill j^l\ (jA ciUa s^c. L>>j1 JUxj (jij^j^Al 
^ (200 kg/$) cJ^ 3 jll 100 Jlj^* UA£ klijL^aj c^jjjjlxll (jj^ll kil l n» . u *i 

s^j. U-Vl jI*-ujS/ 1 .IgA <-oj^L«Al 4 jYqAl ell ■\n^'l k % i u*ii 1980 

liSl t^Ujll qa filC-la ^l,W‘u J llk^UalUj (jlS j » (j/u*jjt,Vl'l (JA ^Ic- k_Lujjl<Al 

c. k^u^Vil ^a ^pj^Jl k_al_Al 4ilS klllSI j t A jVq'Al ^jljxll JJAj 1 \x )Vu J ^a 
j* k^l k_ flLAl ^Lijj ^jSaj tkAli Jj iaLlaJ tkllial jxll k_fll_Jl 4_ilc. klljU^a La Jj ^-^.jVl 


Ail ^A (j*^^)^21 Aial^)-Al kllLjja.k^ll .4_i^.U.^]l S^jS^)] 1 4_il aC. ^Jajuil 

£_a (Jal o^l ^ill ^aV 1 t klila j^^a'I j! ^a ^ja iii*Jl £_a LILiajS (Jc-lili 

(j> ixi ^ (j-aiil j <AlS]l lijj IAAj tk_fll_iS^U ^jjaa k ^al.'iVuJ ^,'x in cl^J .^j^j^)£ll 

.a_^jLA1 <j£^)a!1 o^LaA <1aI£J 1 4_ALxi]l ^jLi^.Vl 


A-lLljj A_il <il£ <a*aAIj (jl.Uri's.llj IaA^. 1 k_i^j ^^lll JaI^xII {ja li^xll dlllA 

IiiAja ULnjl LJLc- ^lAl ^ja ii^*Jl (jl V jl l\j'c. .Ia ^ Ha jl 

Jaia ^)ji_x-a ^)k^a‘lC- J^)^»a ^aL^Jl o^LaII <al^a <lilj £A j .^allJl oJLaII <al£ 4 ^Ac- 

.<a!^11juj1 jaC. (J^ 3 A^joiALj Ia ^t'ViaI ^j^j^ll A qKll Aj, W'll <1 aLoi]1 A j\a».11 jaxa 

jaVI k_liiaJJj .Ia A^Lljj ASn a iax^i*i cJ^- 1 O -0 4 qlv^A <ial^)A k <ajll£j A ,q\*i^ a! 1 jl ^ aII 
^ja <alil-A ciLiA^ ^-ll^i US c^ia^iJl ^lljl jl ^juA'i o - 0 cj-° ^ *{)* A 

s ^ * 

£ja A-iaII <^Lo1a ^l^^.l k^ llJ^'Vi ^jl ^jSaJj .“Lc. jIia ^^)JaJ £Jj-aJ ?.l^^.l ^ jaVi! (JIaII 
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jj j . l,g i.six \ ^_jc. 1 .1^. Clujjj j Jaj^) 2.}'^ 4_aii^_A ^ \ ja 

LoAic- aI^J ^ja <x3Aj La (JIaj ^sIHaII A) \\\W AiKlI ^^^C-Aj La a^Lc.1 S^j^AaII (^J$\ 


(Jjijlull c_Lill£j AjjaJI AiK]i tilij Ji L q.U.Vl LaAjC.j .^.U^aII L_Aj ^ja 

lg, n*\ \±ii lijli c25 — 1 ^jJa jJ La£ t^cIil<Jl $La. ojjA AjI u^i'l j ^(JI,a*.‘u*iV 1 j 


(JLojcLjjI _jl la .0 !Ha1] A \\ A k\*\W ^jC- A *©^)jj-£a]l ^ic. 

rvj a| t^£- ^J-£~ (J£ aL^j! ^ja Ja^3 A) \\ \W <al£Jl 

.^jljj-all j Jjiulull ^_Lill£j (jl Ujj*s.'Lj 


Ajlu ^ V^IA Jal Aj&ja A_iij ^ (JjxjJuiill L_Lill£j <jj£j c_iic.l ^ 

A_ml] A_ijA21 Ail^ll ^ ^jAc.1 £_La £3A (JaVi ^jIaIj (J^aaJ Llic-Ualioilj Ja^J .A_ijA*_A 

^)i.s-i\x \\ <jl LcJUa i (JjxjooII AjJai^-iAll L <ijll£ajl i2L ^^Ic. O -0 

^ja olj^kll S^jjA Ail£ c_a]\jj .Aj£^a 11 (Jsl jA ~olj*vll o^)jA A. al£ <_£ 1 — 

iAjl_ix-£i]i c_Lill£jj (Jji-klllll L_Li11£j AiLjal L&Ij^)£a ^1\ AjjAJI L_Lill£!ill 

.25-1 (5 ^ (^ La£ fiA^)Lix*lA]l A Ajqll lg,‘lA 




;u:t iju:i Uls* 


• t 

( >j4.A~>ll <iA« 


U Ai ll <iis« 

»LaJl » jjj <ilS . 


i^cLul <ilS« 
<jUma! 1 ^ilS* 


SU^JI d jjJ Ail£ ja^Uc- 25 — 1 J^uJI 
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jA Lg I JLuj j 'LqjJVi^gII A qKI LI jl Vi ^jl l*n\c. 4. i^j 4 till j .Ixj 

43 VI (. 5 -^ ^ad (jl : Ad jj^iiill dAiL^c-Vl (Jj£j L<dj ^_>*- JUJ J^' jLidll 

^k lux3J j\ 4A_d^)dl ^^dll ^al .W'ld dL/L^. (j-G ^)d£ ."U^-V Axad ^jl c*\i^,gj jl 

^dll (Jj-aj dl .<al£ (Jal dLu*. (Jj)*-^^ 1 ^ 1.1^. 3^ 4Ajldll 

Ai Jal j Adld Ail£ Jai A_d^)dl ^_lJ\ 4 ” il q nld jia*j l§ua .id ^^uSI A JaVill Jj A_d^)dl 
A_1g jj£1 Au^^aII ^^^dll ^JL-a ^k © Li^Jl ©jj^ AA 1£ . s-l^xJl Jd-d 

. AVi^x-gII Q^ x ) £-g 


3-°^ . Adi^liuidl a\ ^dl (j -0 ^a^il (JLa (J jxd ill <al^ ^GjJau 

^)J^y* Ax i°l . Ajnll Aj^)j.l]l dlLljAxillj 4.** ilOL^yi ^j-GjJajj Ajljx^all 4. <ljll£j ^jl ^uJal^ll 

^ * * * * " f 

fi^JjVVl Au ill (JlxUj !l* JA. L^3^ l>, ' > ^/L*]! 6 ^)jUall A-UJ 3 a > <q UJ^ 4djljdalll 

Ay* ©^)jUa jldoVl (jjxj iuA LVlul ?AjLi^. AjI^u ^ gjiall Axua Lg ca^jlud^ll A .Gjqll 
^)JC- lg.*n 11 ^r U/i'i Lq.VixA .©ddll LgjLi^. AjI^j ©J^)V]I (J^axj Axua l^J ^ q iTi ^jjIgIVI 

A-Gjali (_yax . j 1 ^,*i«q ( x_^3Ld o' ^ j>j*ia1V1 3*° A-gj^ ^LgI 43 ^.^^ A_^JL-a 

©La 3 ^ ! ^ J)J i*g!V 1 (j- 0 £3^! L-Ac> 3 -° A-gj^ Igul ^5^ 6^}j\Ja]l (Jld /©L^du-^l 

Adu ^ AjI Aj O^J *A-iix-aV^ Aal£JLj Aj^jILg A i*q iq-s A_iaa! CIjI^ 3^9^ ^ A-G^ali 

Ay* 1 Adj‘u/ig Clijl£ Ijj ^ 

1$1g * 1 * 1*1 3 ^ A \ar q*i 3 I 3 ^-gj tilluA ^1 _^-g1I q<~xx\ 

lg n^.a 4 dual ^c. — 1 3-° ^j'3-i.g'I ^ILgII li»,‘u^i 4(Jl!Lall (JjUui . aj‘i i^ 

lAA^ ^ . ^-V 1 ^)J<Gil^j ^A Ai^da-G ^xj Ajl . W 1 

dU3 Adb S jjj-aJ Au£^a11 SjLgII ^Vlu ^oLVjVI AjJL^.1 AuIaC. ^A ^*^1 AuLgC. 3 I ^ *ix j 
lAA ^a *^)Vl ^.^gjuo (^1 LgJ^^u ^)g x^- 1'1 3 I luA ^-iLaliuU V »(_^ jjidll J£dll 

4 ^)-g ^1 ^Ij ^)Qx«all Ld 'bAj)AuiA Axua dilj 3^ A-g^^ S^jjUall ^r, UrfVi ^jJa^ll 

A-G^all tl^A . ^1 g'u Lg ^_j-add] (JLgII 3 -0 1 xL*a 3 * ^>J 

A.qKll ^Jj AjjuU — 4_fll£ jljlLu ^)ix-a]l 3 -° OJ^ ^ ^ JJ^Vl O^jUa] Sjjfda-^l 

.^JLg^VI ^^lx^>*iaVl (Jjldill ^ ojiju A>ua \A 1 ^)-g 1 Sj^Ljj-gII A^jqll 3 *'>'^ ~aYi.i ill 
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q\ <-^.L^-j ciljl j^A L_njaill ?<al£A] <C.^I1 a 1I L_L-aj ^aJ 


liUl 


dALa AjI u' O -0 ^jLoijV^ ^a-lAx^allll ^3 l$J <jl C > V^kJ CaLi^ULaII 

djl^jLiicV^ (_£A^j 4 ^Kll C^al jAII ^^Ic-j . ir’U nJ-Vl ^Jj <Jja1]Ij (JjJaaLM 

^)iaj Ia^. 4-illc D^li^ CaIa La aALa jAjj Aa3 . ^^LoA^M a-lAx^aLill ^3 AjjujLujVI 


(_ja 4ja31aa11 ^Ac 4a£^)a 11 Al ^aII fi^)A3 u] ^KIIa Ljajl <jl SaIc (. . ^ \ l.T^A C cl0-^ 
cdlj A^xJj ‘(j-j-^ A-ujLuj^JI CaIc-LLa^ djLaj^laj ^3 (JjJa3l La^aC <al£JI 4 _i^.Ia 

Ia^. 4a11c La^-aC. 4 a£^)a 1I Al ^ aU ^AjuaII (JaLlaIIj A jua'lll 4 a1aa 1I <jl ^J] A-laLudJJ 

J^Aa <1Ll3 4a£^)a] 1 (jl ^ \x. \ IaAj .<LplAJcVi A_LUojVl ^aLlaHa <j^)LLa 

* UJJ 11 Cl .A $■ LajV I ^9 

^^jaIaj i^UaYi LaAic <al^]l 4 _i^.Ia ^j-a 4 a£^)a11 aI^aII CaI^jaa ^Ac (Jj-a^A 
^)3 ja j La ^ja A-aA^a!! <j£^)a 11 ^ *n\l jLi^V' jax j ^^3 <1 ^ja£ 1 ^ ju^'i ^AAlLa 

^JL-a] XiA ^ja£ 1 c <ajll£!l]l CaIa^jIaa (J£ jl <aKll CaI^ja (J£ c^lc (J^> Anj . ^aLlaI] 

tilila .<j£^)a 1I ^llLjj ^Lk]i <j£^)a!1 aI jaII ^IajJ CaVaxa aLa^Ia 4a£^a11 

^IajV oAjA^. <jIaj Ujjia 1 a] lA^A j ^IajVI Ca^Axa £a J£joA AaJJjJ CaI^aaII 

.<j£^ja 11 ^nll <il£ ^ja ^j^aVn oAjA^AI <LjliAll aAA <jl^ c4a£^a11 aI^aII 


LlxJaJjoil IaIj .I^jI^^.1 a!a*j ^-a ^)ja1ua La Ajlu ^ <LaLtJl AjII Aa1£ (J^L.Ti 

4_Lal_*Jl aJI <al£ 4 -^.j V^L (Jlij cillA jU aIaju cJJij 

^-1^1 ^3 AAxll ^ja } l)^ O -0 AAc. (jA La^aC- <j£^)a 11 L_kl\jj . ^A_i]La^M 

Jaj^ll c' )\ j'^c. J CjI^uaII AAc. ^j-saAl j CliLuAJj <Lal£!iAll .A_ijAxa1I 

^ l^la (J^ <il£ j;iCij J <j£^)a 11 ^lladjoU Ia^Aj j 

.4_ijAxa1I 
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AJaLuA Aj£^)a]1 ^^AJl £_Aj-a!ij Aj-al_k]l ^taVI AjLiIaC. <jj£j (jLi^Vt A_nllc. ^9 

Jfll A_al£ Jj AAC- (j-alajj <_£AjJj .A_AAxa1I ^A21 ^ I^jSLiLaj AAjIIa Ia^. 

.^■U^aII ^^3 (Ja*J1 <AjIc.Luj AAC- ^3 ^JIa^J (jial ^ il j 4 ^)Jj£j 


lAA (JL^-a J ) jl VV i < xjjJal^All ^ya LxjujIj Lc. ^ lAj^M ac-li^ (Ja^AV n 

A-^^aII Al ^a!1 AJU. ^3 aI^aII (JIaaAjujI (JaIc. < ix-a^j^ < *■ ^^ JUJ ^ 1*1^1 tc_jlA^ll 

* 

.^IAjVI A_iIaC. ^^3 ^a. W"u*i'i ^All aI^aII A_illx3 ^£Aa (JAaIi] Aja£ AAJ^)la£ (JaIjlaIIj 
A.jIaC- AjI Aj ^3 AaJ^UI ^aL^Jl SaIaII A_ia£ AjI ^Ic- SAjAjo) AjaLuUJ aI^aII (JIaxJjuj! (JaIc- 
:A_ijl^All A xJoqH ^3 A^.jj SaIaII A_ia£ A-ajja£a 


j4i4 iilil D jj 

= Al ^aII (JIajcIujI (JaIc. 

y iflj UlJ jjj 


j .^lUjVl Aj'ac. SaIaII a_ia£ ^Jc. (jjjjjll Jjjlill Jajj 

UijjA aI^aII (JIaaIxJ (JaIc. ojh^. £) (j -0 A^- ju^iaH ^Jaall aJL^. 

JjlIaJ IaAjC. A-JUl ^jSSI Alt C^a , ja*JI ^gJc. J *25 J] 15 (Jj-aJ ^aJ3 

C' \\ \\ax.W <AiL ^jAjJajjj . (jAaaII (jA A_AkjJa AjjAj A_1j£ ^Ac- (J'^*- A ^ AJij)] t »" Aj\aC ^ja AAC- 

^ja l^_iauj£jj cSaLaII ^A-ia a (JjxjAj A_laLudJj hogging Ollt £_iiaaLi]l" J ojC. A aII 

Lnjoij ^jjju-a £A±a u*oaH AjA^. (_ja l.g.xjjj ^^3 IgJLjJajj t^jJa^jVl ^gic- 

$^jAIaa]I £a (jAtjtlll Aic. Aj^IC' Aaj^Ia A_i1a*JI oAA ^/‘la'i j .A jh*aVl A qKllj Aj^LLo 

# *y 

^AlgAl! tJlAJl Jj VjJ-aj 4 _Sj£ ^ja l3^Uajl 1 g'^'i (jLi^.VI A-nllc. ^ ^aJJ ^jjlxAlli 

<xij^)A Aih AIl^aII Aj\a».1 jaII ^JjxAjAIIj aIaUI AjII c. <ajll£j daIc. j t A^xaH 

. A^. 

jIaIq Aj£^)a11 aI aJU. ^^3 a! (JIaxAujI (JaLc- _jjl Vn V c<a!]a ^j^C. (> _ 5 Ac- 

%30-20 UJ^ C> iaJI y -'j^ vj 1.3 Jj 1.2 
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^^3 Al ^aII JIa*1aI (JaIc. -aj Aic. Ajl ^jJai ^11 1 Aljl .Aj£^)a]I ^^131 aJL^. ^3 Ja^3 

aAAj %2500 — 1500 AxALjall SaLaII (jj£j 25 1 5 J) A_AA*_a 1I ^Ja^ll jJaxj 

i^\ ^l£ ^ CjVL^JI 1 _£ja 1 ^Ujl ^^A (Jj cAu^j^Aj AjAjS CjVI^. ^ISjl Yuaj' 

^ja AjAxJI AjAxJI iAIIAA (jAIxaII ^l.W'uJ Aix3 .Aj£^)a1I aI^aII c^jAIxaII (j- 0 

iAIIAA Aj£^ja1I aI ^21 aJU* ^gAj tl>A^. 1 I_£_i3 <_£ALa]I ^-ljjJa]l (JaIc. CALAaxII 

Aj^)j La 3 . %30 — 20 (j -0 (Jsl ^IjxA-ill (JaIc. l^-i3 (j-J^ l x^> jl dAjAC* ^-Ljajl 

^J| Ajjudillj t^y axjll 1 g *.six j ^jc. LaLaj A q\**v^.A CllVL^JI I ^ja! ^jl ^A LiA A_^jjJajj 

(jjAA ^ja i” ^1 V Via 11 AajXJ! A^j^Jall ^Jj <21 A A ^ajj 6 aI^aII (_ja (jjC-^11 (jjAA 

A^A^. U^lli ^aAjaj Aj£^)a]I a!^21s . Al ^aII ^ja (_j }^\'W a! 1 ^jjjaAjll 

- > a 

^ ^ k ^ ^ I ^^A . l* L>\ 1 f - 1 Y ^ <\r_ A.^Liajj i_^3^_u A La ^\ 1 d AA A_iO^ t C * ^ L* Y 1 ^ ^ 1 1<. *\ ^ \ 1 

IaAj t^jl^jJl Jj£jou 11 (jA (j^AJ Lo ^^gj-saSl J1 Ajj^)3 UJ^ c “ n*^J Aj£^)a11 aI^2Ij ^aJI 

. ^jL^AII _ L_J^)3 Jill! ojC.Aj La jA 


(wing ^li^JI Ax>»m AAj^)xa]I ^LiaJI AjtiaS ^,Lix"i t6_jjU»SI ^Li^. JjLljA 

L flwVnA ^3 ol^)j La . (jjxjJa^l! <jjAA ^a^)Lx!i]l VLIa Jj13AjjaV 1 A-^. j-^3 -0 Sp&r) 
t^jJ^'iA (J£ja (3^j ^ I I - — 1 cJ^ Yill 

^^3^)Iaj Aj^jIaa Iclijjl j LiJa^)C. ^3^ ^11 ^3 S^jUall S- 3 ^ (Sp3.r) AiJaxili 

AjI^A AjC- AAa AjI^A AjC- (wmg tips) ^~1 Wll 

^jl ^Axj lAAj .Ai^)Ja j^A A LaAjC- Lxa j *^}^A ^ja ^ALaj Wll 

^SA J . D^jUall ~n.ay qC- A*Aja]I oL^jV^ ^3 ^)Aj21 ^a A^Laja (3.. Ui ^1 ^ AjJaxl! 

La£ SaLaII ^ja Aja-n*\ aJj£ ^ja ^lALVl UajL c^a jAjLliill ^_)A lAA JIa ^lA^ A^C- ^Aj-aj 
^gA l j>Ai j ^lijjl 1 a (jl c > ^>jj c26 — 1 ^y*A\ Aj^IxJI Ajjl^ll ^^3 ^Jaj 

c<Ai]j .Ajtiaall oAA ^La 31 1 ^jc. (Jaj V \'a j ^I^aC- AjJa^jlxll ^LaSI ^>^1 

oAA L Qo^i*V^A ^ (jjjll ^ l_j jAj jtAa ^^jJajj lAA j t JjxjaAII ^ajjjLlnll ^-xAxkj 

^j^Ja ^jc, U jj c. <a^kl Ig.lx'N \ ^alujj Laa ^_^}-aa]l ^ja 1^^ 1^)1 aLq Ja\‘{i V (. 5 -^^ AjtJaall 

.^jAxaII Ail jl 
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qa jI^aII £ja ^ j u^iaH ^*1 ,\y\\ .Ix^C. 4 _IL^. ^3 

At.j'lC- ^_ijj iiilj ^XJj c 26 — 1 J^l (j -0 CS"^^ Aj^^ixll Ajjl^ll LS^ l-A^ C-LaJ^)jal 

Aj£^a 11 ^nll ^,ju/i') AjjtLa *." \a\ . L-Jj\ 3 ^aH ^Jl (Jj-aj tJlAijla £ja ^ \ \y\\ 

(Jaa £_La3 ')ks~i ^UailuLAll ^jl£ Laj^)j .^ylliA (J^J^LaLill A_iIaaj c (Jjxjaoll A )\a* \ IjA 

^)iali^_jl ^Jj ^lill aJL^JI $ l.x^i \\ \W A-lajoil^J ^jjjl mil £ja AjJaxJl l^A 

1 .la. A_ill_xJl A k\*\W jLu^JLa .la.V \ i^j 4 1 *.si\\ <ULaJI o 1A ^3 j . ll ja\\ ^3 4_aj3 (_5-3 

(j-«a (j£laJ 1.1a. Cj i 3^11 J] AiljJal t (J^j 

. (J^J^laLillj AjJa*J! llA ^Ac- (Jjj-sxaJI 



^ajjjljjj 

Ciialjt - 

SiK'l 

4_xij^)A 

Ajtij^A 

' f Ul! SjU Ails 

1.1a. <*i j^a 

1 .la. A. jJni^lA 

(Jjjuaull <il£ 

1.1a. ^Jj^A 

1.1a. ^jiai L^i-a 

jJ^JI Jj*_a 

AajAx_a 

^Ajjxa 

i - iU i i-i\l cUj AilS 


jjliiiujVI ^ j- 0 * ■^ agr - 26 _ 1 


J£jill ^^Ac. ^ u^ ciA Aa*A 1 <aila-A cAAs (jVI 

^)jjaj V 6^»LaAl ojLaII Ail£ Jj AaiouIIj V jl . A \)a) ^Ic. Clusl^c. — J 26 — 1 
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(jl AjIj a^)A JUJ L_L-ajJ tillil Aj-aJ^j a^La ^Jdjtliill 

1^. aJLc. l^jl tiLi V 4 Ail£j 3) A un'ilL . Ltij^a CluSl^C- — j*->^ 

At.j~iC- A_SU> ^^3 (Jjjuaull ^yA (Jjlall V] Lia 3L ^ l-a \n 4 ^ jjjtlnll <_ja ^ j> u^aII 3jJax]l 
^jj-a3 4 A_SU> 3 1 3^ (Jlc. j^_9 a^Lall JLaa Lai . CluSl^-' — 

CIjLia^] Aj«_uj! j A-AaC.^ "^)jl_^Jl £_iiaaLi]i" CIAjIaC. ^ ^jA*.Ja n ^-UaJl 

^jI^SI Jjj 1 ' 3] a^Lall (3 -0 %1000 (j-a 3^' i” n*\ ^a^Lall ^j-a ojm„a 

jl^LAI Vj 33^ S^Lall ^JA La3 L ^ 4CJ Li3l^)C. — & ^JjVl AJU. 3 1 AUJ .AxJa’q" 

1xa 1*\ ^g3 ^l^-Vl -llAl .1.1^. 1 J.«oq^‘lA ^.^Jl (JLxA LiA (jA J 4 lj\x3 A_A, w"u*)‘l 

3) A-IioiAIj Lai jjjtlnll aJU> ^k <■ % nxj La ILAj 4CjlaJall a-lij A qK"i jA A_ijI J-IaII 
C-Lb A_i^.lj ^ja A_k-al_k 4 Ajj* ‘•■si dll j A.aJaqll a3A (_|1 a jm‘i ^l3 4 dusl^C- ^uVI 

IaUjU Ia lij .1^. J] aJJs 3j£L]L 3 ^ Ail£!ill Jjjxa a-liJl IAa j . Cjl,q;3-»H 

. ^ j^jLliAl a^c. ^k ^ 3 ^ jll JjxaoAIj 


JaI jC. J£ l^_i3 Ldjj 3 ^ A_Al^Al Ajjlla]l J^.1 ^ja A m a ^3 3 li3 3 jJJ V 

aJU. ^3 (j £&** (_£3]l ^aL^Jl ajLall (jj 4c-^-*^ c3 . ^jluAi^llj A_a]£li]i 

^3^ ^ AjI ^ki \ j — l_iaj£ l^J Aij^)IaJ JSVI A^C- ^_y^jsu ClnSl^C- — 

^A LlA ^-*jjL*-uV^ ^ .CluSl^C. AksiC- ^l*-a AiC. (Jji-uiAl ^_ja i^yi^ 

^j^ludj (jl C t vyi Ia nj 4A^.LiaJ jl^Lall VJ Clii3l^)C. — ^ ^ 

a-l^.j ^jj .AjjI^jSI A_*Jaall ^3 A-Skl'Wi Laa L_fllxjJal a3*j 3^^ ^ ^ ,A ^ 

^3 La Ic - jj lc.lijjl 3^^ UJ^ ^ aJU. ^3 ^aLkll a^Lall ^ja 


2^' LS^- J J 


J 1 u 


j1^)au c > i~nj ^L^Jl a^Lall ^)*-uj ^ O^J 6 1 *” 3^' aJL^. 


^J^yt A^l^ ^ja ^ij\, n*ill ^ja Lai A_il£Jl A_ia£] 1 A3^ ^ C-jj)\JaA]i 

Ajl 3^j 4l3£Aj .^jjjLliill A^C- JjXAAil 13^. A-Jlc- Ail£ tilljA 4(^l]i Jj AiLjaJ .Clusl^' 
Ai]£j ^ja (JSI ClliSl^' — '^■^ lC ' Ail£j] £CjLJ! (jl ^-3 jIaII ^jA 

CljlyV^A 3^-^ (j-* 4 a3j3C- A_^jLoia CliL^jlLa ^jl Lijl£-a\jj ^ijLlii]^ 3jJaC- 


.4(1 
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£1^ "ctflaJI AjAI" ajS jJI ijJI 'J ^ V Us] 

cAIIAA (j^J aI^aII ^joiSLia ^Jc- <_5-^ S^pLa u*ijl L^jj (Jj . CljlAniadll 

c > \ u*n iAHa j ( Aj> <JjoiL1a 4>^)a11 aI ^a! 1 Lg_ia ^VL^Jl ^ja AjAxJI ^LxA 

<L^. jA>* ^Li^JI A^xl 'Aj-aL^ll" 4_11_^JI (Alla (jli cIa^Aj .o>aa] 1 1 g aj‘u.ro'i C* i\j\aC. 

AijUa ^Ac. Cpjfi (J^-° <> LS^ .4-*-£a^ ^JL^. ^jaVI 4 >*\ <> *»" UjjjI JjLaAjjuiVl 

. Aj.^jVq*i'l Al ^ a!1 ^Ac. o j/i* a LJ^a 4>^)a11 aI^aII Lg_i3 >jj t dllSjulalSI <ja 


uJ^' 3. 3. 1 


^ja (jl ^Ic. I.Vi^aj ?Ia AjAj ^a jjjll ^j^iIqM ajI jh Ia 

^^3 ^ajj (_5^j O^JjJuIja (jl ^ilaliuaj .4 j1a 21 .<J^^.i aAC. <_ja jJa 

(Ja^J <jl £-l!aLlud3 .Ljajl jl A_AL*a ^jj£ 1 (J>iad 4_1 a ^cjjj La a Ajii > 

^jl 1 n^A i ^1 . ^A^LAALj j\ S^jUallj (_j-aL^Al ^AaII Aj^j (AIIajj A ^3 ^11 ^ja (JiL! ^Aj)a*\ 


La a^)jlAa ^Aj 4_1 iou]Ij (JjWA A_ial_iJa^M ^cjLiill *La (JJJ>a] 1 Lil£ £a^A 

* 

J*- . (A11^1»aa]I a ja> JLilLjj (.a wVl A_^.Laaj <a!j^ a\1 <xa1a 11 ©>II (j^Uajj ^UlSJ 


> (0.45kg) A^Jj (Jiaj (_£AjJ <jl <>aj .AAjLLcAi djI^jLAall (JUiaII cJ^f^ 
cAj& jaII J) a , u jj 'i' Ljj (1.13kg) 2.5 lb jIaIaj ^gJ^SI (jjjll o-^LajJ J] La f ujj 

^aJJ (JJa^ M AgA 4 1 -i j \^La (AlLiAj IiAHa ^ja 0^1 i^L-ALjaall 

J^AJ ^All ^aIaII Aj3 j A : ia£ ^a SaLj^ ‘i»,J ^C-Lli-a ^)Akl ( ^jLoAV^ (j_)^ o- 0 ^^J-^aLijj 

^ AjdJaj ^a 3I jjjll t^^C-Lix-ali ^lal ja£. ^Jl (_^AjJ lAAj c<La^. 

lg.\x An ^5 -^^ AaxaAII SaIjj Lixlailujl IaIa .^AaII <AjlalA 6 ^)ASj 1 A?W a SaLc. La ^)1Aa 


. ^Akll lAA <AAk oAa (JjJa^UAi l_AAj*i i^C-Lli-a]i ^>Akll A_nj (j_)j i^ll (j^J 


Ig AAXrfVl ^44^ OjAa ^ LajaL^. 1^)a 1 Jjjl! C-b^ U3"^ u' l xA-ljl (j^AJ 

cAIj^aI 4_aal >.st\\ <ljA^li AjA^. ^jj .V ^ Ajj)\1ia 11 l.g^AgA \ ^al-^1 C5^ c ‘ 

jL£j Jj ajjj (_>ajc. LsjaI jl£ jla .(27000 kg) 60000 lb 


>11 ^ 0) .cAUa > UilUu Jl iaJI oli .(29500 kg) 65000 lb JaUj <Ajj 
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jl it (ja jlhnl 1 \)\c- L_L^J j i iJIj^aW (j_j J ^ j-1^. (Jjsl ^ 

£A jal Jn ^.Ljaail ^Jj 4 jl9^) 1 ^ja 33j O -0 

. c-Ljn^ll <j1 j^iaI ^ \W ^\1 


i^ja <c.^ILq As^jAyA (j^J L5^ Jji. 27-1 Jiill uSjJJ 

(55 $/kg) Ij'i/jJ! 25 (Ja A qj» AajS jjj jjSjjII tliAj .a^uLajVI 

15000 ^glj 2 L A-aj 3 ^lj Aj£^)a]! jI^a]! t _jJaau (JLaxajaI ^1£11j ^>aV' 

Jj A_a.U (jj£j tSjji-VI aJL^JI sjiA . f\ lilj^A ^ (33000 $/kg) $/lb 

JjJUJI (jikk ^j-IJ Laj9j .Ajl^j^j ; _j£aj V 3^ ‘7 A^^jIaas A_i£ja]' 3^a]I (JLajOaV aLm^' 
. ij A»,"u;.n \ Jl=a Ajj5 C1iIj^)Ja Aj£^>a]I jI_ja!I ^IIaaj (jiL-liJI 


(55 $/kg) 

25 $/lb 

o jJO ajo ® y'k 

( 110 $/kg) 

50 $/lb 

(jSj jSLLft) AjsI y 

( 440 $/kg) 

200 $/lb 

oiyikii oiry 

( 440 $/kg) 

200 $/lb 

Ablill OiyUall 

( 880 $/kg) 

400 $/lb 

AjjbnJl O' jjlia!' 


( 1100 $/kg) 
( 2200$/kg) 

( 22000 $/kg) 


500 $/lb 
1000 $/lb 
10000 $/lb 


( 33000 $/kg) 15000 $/lb 


(20 $/lb/yr x 20 yr) 
( jjAflJl Jjj) jjiJl ^j^r' J^' 

j'jl' O ji AOL^^)' jIa3*}I' 

ao ' '■ ■ <?\\ jUi^l 

s.'. frail Z}j£js 


kuLiWI (jjjll <ji cOjll jj9jj a_aj2 -27 - 1 

AjjIIc. .J A JaiuIIj ^ jj3j^]Lj Jjijj jaBjj AujISaJ (jjSij 

^yt (j£ - ;;’a"' l^i^A J3j . Ol_l£ ja]' 
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LS i^\ JU*iJ (jjjia Cf* uj^' jA£j (aerodynamics) (c^UjjjjjSfI) 

^)3jJ (j! (j^AJ Aj£^a1I ^I^aII qa (jl AjjujLuiVI gjlilill clijl£j .Aj^^a!! 

.%30 (JA ^JJ J Aj£^)a]1 «^Ja3I <ja 4_JjSM (jl (j^* L5^ ‘%10 
<Jajoll ^Jj 4%20 C_jl_lialjVlj ^ Vl'l Alim! jJ ^JjSjjll Aaj 3 ^lij (jl (j^AJ 6 (JjISaIIj 
a_JI_*JI j1_*jV1 aajaj eiilj a ^ wVI <Jajail^jj 6% 10 ^■li^Jt j (JjiS ^ja Jfj Jliill 

^ja (J£ Luyj ^jLuiL c!^£aj .%5 (jA (J 3 I Aj^JI a ^ wVI aJ^J^jj t%10 

.Aj^^a!! ^yJI j (c^LaIjjJ j^jVI) iS .3^1 yl j^JI C5^ (jj**>Vi'l AjaAI 

Aj^)£ja*JI dil^jUall yi^JI ^b^U yLibyi (jj^l y L* jxAVqj 

ojLc-l yj g. j)>^l UJ*^ 1 t-sikWA o^j^jJallj yyi I.AA jmj j . (J 3 I jl %20 <yi^^. ^^ic. 

^%25 yi AjjlyJI (J^LaaII djIyUa y (jjyi lJj-^ £y (j^AJj ^lAx-ajll 

(JIajcLaVI (j_jlill (jA^Jj .%35 AjWqu^ll dllyUa]l 

(j^AJj .Aj^£jax]1 Clil^jUallj Al-al_^JI S^jl <Ja^)iA CliLlnll ^3 A^^aII ^I^aII Ic.Laj1 

.%40 H L_3^)laj yilc- Ajjaj ^ij AjjLjadl C!jIj£^)a]1 ^3 (jjyi (3^^ J (jl 

4_i£ jaS! ljILuLj - A.j 4 j *> \) 4 .1 

4_ajL^I 1.4-1 

dA Vn^ n Luyj g.1 j (jl^la]! djl£^iai ^»yj t^jAiyi ciis yi ^3 

jI^aII ^1 . W'uJ ^jlaj jj j . t ©lyLa]l Aj£^)a]I jI^aII j)A 

^■Ix^ijV I £_la3 Ulb y .^jj^jaJtll jyll <■“ il) *nu*i 31a (J^I^a b3C* 

y Iajj ."I^ia 6^.1 j ^Uj £jkL*ii lij jj bj^j" <LJ3 ja^ (demonstration) 

% 

l^C-Ljayj jl Ia SyUa ^^3 ^C. j u^aH <*Jadl ^jJay ^^LiaVl (. 5 ^ AjI <^lbA ^_j£ J 

.aj^^aIi cjy-° oi_ij yy ^ jiv^j ^ ^>\\\ t^ji^ya ~y n^v 

y jA ^^-^.jIaII l V^.ll ^ja U^ > -’ > U*^ c (Jl .\ru.Vl ^Ja3 Cl±}l£ ;A_ijlii]l aUjaII ^3 

.eJ^^^A SyUa a A*_la3 J.\n,^ Ig y A*Ja3 — ^jLilkV 
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$.aJI Ala dul£ *>" n-\ cAJL^JI ^IxVI £-1*3 dijl£ cAUHII a1^.^)a]I ^a 

aA^.^)a]I IaI oIj1a]I aI^-^I ^ja ACjun^a Ax^Ha l_*Ja5 ^ j'iVi ^jl ^iLoil 

A £ 

(jsi\ ^ AuV 1 ^ja AjAxJI ^xL^. ^lill Aj^^aII aI^aII ^ja A_IaI£JI S^)jlJa]l A_L^.^)a ^-g.3 co^ikVI 
^UaII l_JjLaVIj jd-VI ^-SA^JI 11 a (Ja l_jIjj 3VI All .SAjA 1C. diljiui Alo lgll\n 
Adliij oAC-la £,ljj All AJajJ-vs j!iil L1 ^.^)ja ^111 (J^.1^)a11 AA*1a Jaal^^ll 

.SAjAsc. diljA^j jUaiijlj ^Aj c<j£^)a11 aI jaI] Aiju Aj'qjq^ A jatju^Tij 


^ 3 j .ajLslI] I^jx£ Ajliill CjI£j^a1I q \ ai aj£^a1I aI^aII ^IaVuJ ^jjjIj 

— ^J] - £3j Sj3 L_Luij ^j'qVi ~Ax jVaII A-ajAxa!! tSljlfuJl — <j^AJ cjjJaL^JI diSjS! 
sI^IaII a, jV^xaII^ a, f\ j*ujj^a31 aI ^aII (JIa*jjuj 1 (_£Ayj jl (_j£ajj cl ^Jj 5 (JaLxj lO-9^ 

A^£^)a]I aI ^aII £a cl^iklj 1 16 A-^^)A ^1^. A_i]lx u*i c_aLi]Vl-J 

1 J] 40 A-jj^>a (jA jjll - Jj - ^aa 6 ja ^ uai'i jAij <a^1a]I dnal^xll L_iLJI dill 

c.. i^j <dl*jJal A_ijIaj ^jIaIaj ^ jjll - JJ _ £3 a1I oj3 AjjaI] $.IaVI ^)ja^a aIjAjI ^jl .Aj£aa 
( jLiAalill AjIx llAj Cd^)jUa]l JaI£ (j_)j ^3 (_]£ja]I ^a^)A ^iSjJ (_£AjjJ l4 

qj£j <jl <_j£aj L_fiA^JI 11 a ^Jl (J}J^)la]l <_j£l . ^jLajVI ^C.a 1I dlLAlallA ^3 a\\ 

Rolls-Roys J4 jj 4-^jd l4 C 5 -^ . jJaL^AlL iiji^A 

^3 ^Jj)li*ill ^Ic. ^JjaL^JI jUjIIj (J^jjj Uajj^)A ^jid (jj^joJtll (j^)l^l dllj na Ujj ^3 

Clll£^)^A C_l^.l (_JA dual JC. ^JA Ax- JU^I^II ^ jI^)a]I dll jidl C__LujI_1a 1I dl3^]l 

.L-1011 


^JA aJIx A_Laij A_i3 (jj^j cJ^dj c_lijl]l J^LaaII ^3 dlljjUall ^jja 

a!aI£SI ajI jail i ^jj «. s ^ja -Lla Laax^ ca_^^a1I ^I^aII ^ja ax^Ia^a l^jlj^^A 

cl gAC. d jl ^^kl ^.I^^Lj ^>jld *^^pl-^l £.) A y 

.6^)jUa]l (J£ (JajaiI .Viaj IjAC-Ladj IJjI S^jjUall ^3 A^.1 j U.JJ t> ' > V^J liA (j-aj 

(J^jaIi ^jl A_i^.l^Aj S^jUa A_iij c ^jl ^3 jV I ^^Ic. c.** ^ Vi SAj^. ^aljA tilliA j 

Aj3 j\\ Alidaa (^^4^ ^ caJ ^a^JI J^la %10 UJJ 1 ' O -0 %30 
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(j-o %50 ^-Ic-I &C-La£ dill 2l yA d i\a»“uJ j\ tl.}£Aj . . .jJI 4_ijj^jj£JVl dll-lx-dl j 

.<U^a^B 4 _ia£ JjIIq n jjjll ^jli tAjlddlj ac-Loi^Jl 4_i^.lj 

l qc.1 dV n <jl ^ . j) \\x a (J£dj ojIaIIa d il i^IIAj 

(JS-iX.) (JJJ (JA t *” V ^'J (J^dojll DS-li^ (jjuldL jl (_£.1 a 1I jbjj jl 

cL^j c__1^.^)-q dlldjotdj ^A dl jill 6 lA <jl ^-dal^ll j (J-ol^C. j ^)j-aLix]l alA 


aJL^. ^ia . (j_j ^11 tjc* 4_iaa 1 ^j£ 1 dl ^a (jLi^.V 1 ^a dl_A 

^ (super sonic transport -SST) gdjall J g^-JI c3j* 

* 

JpUaVl ^^Ac- 4_l^-<^> 4-il Jfc -LdliLo] dijl£ C iljn'u^ ^ o.W‘La'1 diLV ^11 

diAdc-l 4 <jLola (J£djj .£- j^jddl adc. (_^1B dia j\\ U^ C5^l Laid t^Id (J^- 0 

(vertical take off and ^ j*UI la j^Al j $ jjILI AjjL-daVl cs j^l 

cjdd t djUj 1 J 1 MI landing — VTOL) 

^Ljai 4 -j-i^. (JaIc. ^I^aII Ajjil a'ic. 1 j (Fatigue) 4_i*di ^>ac. 


.<j 


djadl CjI jjUalt 2 . 4 . 1 

^)j£l ^A j dll^)jUdl (JL^a ^3 4.C. j±m ^j^jLola (jjudl ^yiC' dl^la dl 

C_L-a^J ^ q"i^> 'i C_fl jjuj 4 1 J . LiA 0 <^.Luia ^a £-iLadd (jl j)A 

. ^)J^I V aj^jldl 4 _iaAV 1 dill ^AIxaII (j^x,\ 


^jjiSj^ILj Jl A£ j*jj ^j - 4 F— 111 _J! JyaU 1 . 2 . 4 . 1 

Ig x,u/i"i <jjl^jll jjjjt.M Jjla ^La. cijll aIjIIaj <alla o jjUa ^ F-lll —II oj 
Lockheed JjjL j 5 IJU.) (General Dynamics) J jia. a£^ 

<ajaVl jjS GVj yi (Fort Worth) iLjjj cjjja (Martin 

^jl^ilall (J^Ld L ql-sll o2j^)a ^ u^iij ^-^laVl (J^Ld o^jUall ^ui^. ^ic- 

^Jalj 4 dll ^)jUa]l (.** Vi ^-Lijy^ (Jj -0 4 _L^.^)a ^3 .A-illc. k** ll C- 
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(j a j (Jj-saA-a djl J)jg Vi ^^3 <jl jV (J^jLa *. % \x"\ j.~U^ A ^xj 4_jl L_JJjoili 

<iakj J£ja 11 u' *28.1 AaLaJ Ia£ (forged) (jjIaAll iV jill 

^)jAj ^ 1 Wli £a (JxAa £-J^)A oAic. (_]j-aJJ (_£A11 (jI^aIIj 4_i]j^M (Jj-saA^l 

, ¥ ji 

(jsxxA C fiSft LoAdC- 4 j^£^)a11 A A qJV^ ^3 L_ Ixj ^-jAi-a ^JJ^l ^aJ . 

. lill (j-Q Alii 



^UaJI lj1jj$ >1 :28 _ 1 JluJI 

(^jjjU Jj$A$J c> u^k) 


^)^^a CAl J)jg Vi <_ja Aa1i1a] 1 <Al]j ^jAxaII A^Lxujj SaIj^ 

^jjA Ia Jj CAljl^.yi CAIjjIiaa ^jAaiklj A* n *\ ) L-jU^C-SM l-AAic. i‘*nW 

y [1-5] (Dial and Howeth) cAjjU j JIja j£j t Jjaj j .ojUU Ja^aII ^ jAaa 

(jl CAIjjAjaa (J^.1 O -0 ^ ‘(nla 1 ^ C5 Ja1 ^ 3^] O -0 L^.j^^a 

t slx-ui^M A^L-al (JjaS . (j -0 L5^y *■ slxjaij A^L-al ^^A^aII lAA ^a juA 

^^3 (J^J^iaLillj 1 qu*A <xjj-saA AxJaal ^AAjaII ^Jaxdl ^Ac. 4 -aI^A^ ^jA^a] 1 x-al ^aJ 4^1 jV^ 
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Aiili ^\jl 9 ^aJ C. iS (jj* ^ J £• 6^)iaill (j^\ IjjC-J .^-LlaJi jja-G 

. JaJ <dli 

^-.Ix-a a!£jolg (ji ^1 JlJA^k. o^jjLSa 4_Sla. Vji ^)Liic.Vi (j^xj *^i-iS 
^aS Clli^}jUa]i (j-G ^SiA JllilLj AjIaC- J^la. Ifral Jln^i ^aJ ^UaJI (Jj-a^-G 

.Ixj An^Si ^)JC. o^pUali ^^Ac. ^liaJI Jj-aa>G CjI jjg ^"l ^jl ^jJal jli <j-G . .Ixj IAjUj ^aJJ 
^ j^^-gII ^XjJa^J (Ja^j-gIjjJ <Ji^)ia. A^^yjj CIlgIs ill tc_l*J j-lx-a Aji l^_iS (■“ Ug} 1 
• UJ^'^'G^ (jjjl-i^Ji ^^1 Aj u/Ai Aq'^Si ^jjlaj Ujc-J .Ajl^jj (Jj 3 ^UaJI Jj- aa>G CjI jjg 
clijl£ Ig.n^ tAjlV^ili ^■liaJi Jj-aa-G C1 j\ jjg V'i .lixj ^jl In Sc. ^jl£ Aji ^jjajjail 

^1 \y\\ (Jj-aa-G Cji J)jg Vi Aal£ ^_Si Ajli^^jj j <*-ilx-aJj ^xiAx-aLili (Jj^xj Ail£ L^Ljaluj 

f - f 

dlljjlLall ** j 4_ajall i_]Luia. %100 jl A-i-lC-lall A *y»'l ^)iixj ^lli A_ixxLuiVi 

.A-G^lali 

Ig jSc. LlxjJajj clajjuiA A-G^u-axili ^LiaJi Cji J)jg Vi lj^a.1 ilj 4(Jjla-Gllj 

J^Lg jla j^^-g11 G_li£jJ j ^j'uAi ^^^jxJ i 1 a j) U333^ C5 JUJ ^3^j ^ J^-3 -0 A-SaLuUJ 

,jl ^^jxj Lg£ . ^LcuaVIj ijj.1^. Aal^Si ^ i^a jj ^^jxj 11 a j %21 ^Aju Ail^Si j^Sjoli 

' * 5= 

£jJaj (j! AJaLunj Clljl£ Axj ^ Clli^jUali ^xiAa. J) AauuSIj Aal£ JiiVi <Jj11-g 1I 
^5 4 qKll ^ ^jj 3 jjli 1 1 a Cj-la. j . (j j^) -3^) LS^ 3^ ^ c_sIx_ujV 1 A^U-a] lgj\c 

l <a\^j U 333^ L5 jal ^3^V^ 2)^ (u^3 J ^ L *^^ U3^ djljijUAi ^j-G ^ ^c-V^ Cj i3j 

^3 j!lll ^j-g %21 (j! tilii l l£1 CIjI^V ^j-G CjIIg o^c. 

(Jj«aa-j j^All ^i-G^l! 3A 3 tA-iA^Vi AjAioi ^>^.1 ^3-°^ (_j-GjJaliJ V 

o^^xllj A3^)JaAll ^xiaall ^jjjje.'i ^ tl\i ^j-G A_iic- 

S Jilc. j j Ai^)J^Ali ^xJaall ~*\Ai.s-i\ Aixj ^jl 

^jp. A^GaUl L_a2l£!ill ^jl .^y±^\ l_ aSjj ^j-g !)LgI£ LgIc. (JaVi A^.1 j1uj Clijl^] cL^a.llijj 

%21 Si tilij clljl£ J .AxiaS %21 Si 3;i3jJ ij^^ jjjaLjj clljl£ tilii j-UjVI a3jj 

(JjJaSi ^laj^i i^A (jl^ a£ > iSi Ajj-uiSljj .AuL-aVi Aal^Si (_3^j Aal£ o^)3^-GSi 
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CIA-J^IaaS! Ijjlilkl f.\ L_ll±ujl aAC- tilliA (jl (jJJJJ il^A j .^toVI -Saa. L_ fitajj ^ja 

%21 SI a A^_3 . IgxA (J-oLxIlj <*Jaall <al£j AaIxIa ajjjjJalb i." uj.nl l^_jl j cA.lj.^nll 

Ail^Sl ^3 LisLjaj 1 Ujj^a Cl±jl£ a^)jUall ^Ac. l^)ia (_£AS1 ^jaIxxVI (Jj.^lll lAA £a a^3j-all 

. ^Ic- AaVS (Jj^Sa^ u«a3 <_£ ^IjolaSI ^A C- 


Jla-a ClAa.J ^^All ClA^pUa]! c. <ajll£aSl jjSjoSI i"ih 

a^^tl »11 ^l.Wll (Jj-aaA ClA J)jg Vi JI.\nJ (jI£aVIj (jl^ c^AlaAl a^A ^a3 .^JxaSlj (jl^jjlalS 

^ V^lJ 4<x*ilA £_aj . 1 g a) a KS-x\ jLxa (Jj-alA cj J)jg Vn L^JIAiLjjI j L-JjUa.all ^aLiall q£- 

^liaAl c^lj^q'i <il£j Jj AiljJaJ t^ljaAl Jj-aa-Q ^1 jjfr'V 1 <ja <il£j £3Aj <j! LiA 

^)iixjj Axj ^-LlaAl u_li£jj a^lcj ^sJ <ja j (.A ^aj. V4\l ^-liaAl Jx-aaA CjI jjg.V'i <SI jV 

> 

^ l-alUaj c £jJa^Sl lAA .AjIxIS 4_x9j^)a JAxIaSI L_n£^)All lAA <al£j 

^ ^J^a £jJa^j UjIIaIj 4_jl_3 CL_lxj ^-^Ax-aJ A_jlx^aA a^^^^ASl ^1 Wli 

£a <JaI£J 1 J.UuaVlj (Jj-aiaSI (JjAjSIj <j^)laA <al^]| ^ja %60 c*I1ajj ; S, gnlc 

(J£ja . U_l*lAl ^-Ax-aJ <aJaiA ^^3 4 £IaxjA1 4_AIc- (Jjj^AalAlj <xix-aA ^ jsl\ a <xSa3 £jJaj 
^xx^^jjj ^ j^ja U' aII cj-° J Aaa. U_Li3jj Iac. LajS a^jjj^ ClA jj3j tilSA 

^l^a. ^.a A-aA^IaSI <j£^)aS1 ^aI] (<al£ (_£jlx-ajsl J^nlaj (J jl ^A a^lc-1 ^)j£AaS1 

Cj! 3 dilj^xjjj ^jJaxJ AjIxIS Jjb xxj (JI!1 a] 1 lAA ^_^3 ^Jajj .1968 ^Ic- 

. <£jlaH <jaA V 1 


A— 7 —SI 4^ >uj J-«l 2.2.4. 1 

4c.^xxSl (Ja1^)3 jA djl^)jUa]l ^3 <j£^)aS1 ^ \ _^aS 1 ll (JUiaSI 

Northrop u^jj^ Vought Cjjli a jjUall (air breaks) 

.29-1 c/ S_a£ JJaU a jjILII cjixxl <ja ^1 A-7 (Grumman 

a^j^ls (jl t^aLjaaj^U ^.‘iVujj'i aLHaj Aijl3 a^jjUa ^A A - 7 SI (j] 
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A_i3V 4-LkljlJl CljljjJajtJl ^ja o Shx a 4£>axm ^ja ^jJxAll ~j * ■ i—alHi 

123 lb >». (j jjj c29— 1 Jk2JI (_ji Ia£ t (lateral) kujLJI j (Longitudenal) 

4_i3 t jii£j Jaxujl ^ L ^ ,}I^a]I (_ja 4£.^)ja]I (JaI^jS Ia! .(56 kg) 

(J£ai1I IaS CjL&L^jVI ^ dlV jasJI jLjflte (jtjjp^A jl) jtimia (jlialc-J) 

.30-1 



^j*a!I A-7 — SI jau JaI ji :29-l Jiill 

(^Ujjfr LJjJJjjj (> ijjLl) 


• 1 1 JS» 
6 


_i£ A- 7 — SI J^l ji 30-1 Ji*iSI 

(jUjjC- t-ijJijjj (ja jjL) 


^iaxj <a^x^La Al (j-o "dljliSI" 1 l_g_Lal£j 4_mll (jjfi 

Jlja. ^ (36 kg) 80 lb bAai 4jVsU^'i <2jL3l CjI jjg.>Ml 

(jj Ka*i 11 Aj^jULg A ic- (Jfb (jLixll j <C-^)jai]l (J-ol^)S AJaLuiJ jAii . Clllill 

liL^J IaI V] CljlAjJaaJl (J£joi] A_ijAx-q 4_^jaij Vj ^30-lj 29“ 1 

.LoLaj AqK'l ^j!jjj£Aa 11 jlllUxll j na‘i J t (Jj», Ain II jl 



A - 7 -bl 4£- ^><-u <3^1 Ja^ll jIauia J-al^ :31 — 1 

(^UjjC- OJJJJJ4 (> (jib) 
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(JA I^A (JaI^)3 ')kS~l (,'* \£ ~sl J 4_1 aAI (j£LoUl]l Q^1»,\ <Jlljl£ 

. (J3j\x"i <ia^j jl A fx.^q.Q Jj l^-iS ^tl^j ^1 ^IsIIaII j^)JJ ^InSl^C- — 

Cll3^]i ^3 (_J^ .5.7 ^3 ^Lix-aSJ cJ^ ^jJa^aSI \ ^u^jAj t Sj^*jj^ 

<jIHaj <j-*aLk ^,'W‘n V Clu3l^)£^ — 1 JjSl Q}g \Wa (jj^j (jl C t ryi cjjJaL^Jl 


\ <jl t» > v^lJ cllm>a jl I^Lxujd-o jl I^)^^_a lg_i3 ^_j S^)-Q 3^ C5^J . 
jl aSI ^aCO SjLol! S^j.^3 ^\ 4<j£^a 1I 4_jll±A jjJa^AJ 

. ^jujL±aSI (J ^^3 C_LUa1I ^1 ^)Iaju1a1I 


SiC- j 4 ^).1^J aJLaaSI cIa L_J^)lij (jl djjlill 6^)jUa ^Ic. j)l£ l-l^Aj 

^JjujLIa ^‘Wn ^ill ^ jj’iaS^I jja*J (JL<wc1»jj 1 ^aJ <C.^ai]l (Jj«£aL<u]i 

<*Ja3 Lii.ll C(J£joi]I l.l£Jj) -31 1 ^^3 La£ 4 4.“ \\°i\ ~ ^juj^^JjVI ^ja jJa 

4jjj ^ . ^j\\a^\ j ^joi^ jJuVI J Cln3l^)iJI iCljLjj^A <j^lj jj-a <j£^)-a SjLa j)-a c_j£^}a 

Clli3l^)C- 4_ljL^_J ^a J)J*^lyi j)-a lc.^jj-£XA I.2A 3-°^^ (j_jfLj ^llilVI 

^j£J >.’* i.kj (7.6 S^sill AjoisLiIuj ^JUSUll jjV 

4.1aVI (Jj^la ^jl^iLall ^3 (JLo*!Luj^AJ o.1aa Cllioulj cJa^S ^-LjaJ^U ^A A,x }"aqll o.2A ^)LjjC.Ij 

> 

^Lq A xs-i)\ j) SjLa ^Jajoil^j (J-al^)3 ^3 (Jj^aLtull A ^_ijj (3 (j^-<^S (j -0 

AjlL 3 ^'u/i'i J V 4 1 ^aaII £■ ^jl (J jl_^J Cj jli SI clljl£ . (JjxjIoSI ^a jjIaSV I 

. ^.Wqll 


S-3A juis 3.2.4. 1 


(^jLa jjc. 4_jjjjjjj LJU.) ^jS-3 a'\x u^-» (spoiler) ^1-^ ja JSillI JUIaSI 

<stJa3 jA ^_jI£JIj 4djL-al^*JI ^jC. 4. :> l^Sl S - 3A Ai^^S o^jjUaS 

.^■liaJI 6 (flop) ^1 Ja^aSIj LuJUdj 


97 



A-A 


S 3-o- _1 l juisil : 32 — 1 Jiill 

(tly-j'- 4 5 J*i ijA 


^iaS o3C- ^jl iS ‘32-1 ^3 LaS ^jl£i] A-A ^ laLall ^3 

!S } 

LjjLuu£ e^>Jaa «^j .4_m]l g^a (J^Ij CjLqIc.^£ Jjjullj Ac. ju^i^ 

dj|j CjULxSI (j-o j J^ull (j-Q . J^IaLi-a o^C- jnaM 

. Ju*j ^ Jj C. qK^q cl^. 3-ajxAi 1 j«lJJ (jli cA-lllxJl <aKli 
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S-3A _J {U&3b :33-l JluJI 

AjgJSj] o* jib) 

S^ixIia S^)ja 3 ^j^fLa «3 ^a11 ^ja j u«oaH (j-a 

33- 1 J^ll Ia£ tc.Li3l 4 ja.t/i uxijl <j£^)a jI^a ^ja l_ijI a^. 1 ^ic. a£IajJ1 

ojIaII a£Laja (chem-mill) ^jIjaj^'I 3-ua^II ^1 . w“u3 ^-ln^j V cj^j 

^<s l ciAiila s^IaII c-lij (jc. c_ka j!ill jA <^kl'Wi Ia J£ c<j£^)a11 

.L_ijlj^Jl ^ic. 1 ^j1_uj J 


4_3aC. V j c<j£^)a 1! jl ^aII Ji <iiaii]lj Ia^. 4_plc. aJaC. o^A 

^ jl\CL i*n \ L \ ^ i "y-\ ^ \ t lJ^' S 3 ^ ^ 4 9 *W A l" \ \ ^\1 Cj^" ^ 1 ~^* > J)^ ^ - 4 q\^\ 1 4 a\ 1 f~- ^ J \9 l\\ \ 

^JaJ^jjoi ^LaIa (_)£ja <1 3_LaLaiJJ ^A 1 3 a (jjuC. L_ila j . diiilii^)]! ^ 

^Jaj^)ja3l ^LaIaII JLaSI L_ilal! *La£>] c*l]j ^jjj t A_iliju3l o^jAall l3-^ j3j 

s > 

Ig xJoxj £a 4_IaI£ 4.C- ja^aII (_£jjaJ ^aJ 4<ijjS ^_iJajj ^j]l D^jaaII ^ja Aj^!*J! 4-illallj 
^IAj^jaj j tAjlxll \, J-aj ajjj 1 jxj u^-i"i 4 J^^)a 1I ^ I^A j . (j>i3u'l 

• 1 1-^ lull 
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— C5 jo£jjuV! Umj t(kg 5.9) 13 lb ^^*-^11 ^jL^JI 

djjli e* vjq*\ 1 ^£aj .(kg 3.6) (JUa^l A-ijIaj ^ja ^Jal ^jac. c_iis ^a c." nM ^c- 

A^-aLk]! ^Liaj^II Jajua^SI j (Jja juuII aJIaII L (jjls . %41 ^^3 

jjC. Aj'»q'l <jl . dnsl^C- — £a ^ij^Ajl Ajjjj 

qj5Lj ^jl <_j^aj A uaa'1 (Jasuoli]! c." iI.jIaC. JaLajl ^jaj ^3 ^iSjoll <_ja 3 ( lil 6^)3 JIa 

11a jm.j j . jl.VqAj ^I^aa]! <ja AjjL-a!i3l Of.li£ L_j£^a 1I plSlI 

ji£l dnsl^c. — aJI-^. ^LkJI o jIaII Ail£ dijl£ ^1 1 ^-I'Vru^Vl 

^aL^Jl ^)Iaja1 1 jIaJC- 1 (jjAjAx^iMl (jjj V LijV j)jVa!V1 aIL^. ^3 AIa 


(_j£aJ ^lix-alill L cA_i£jiL^JI AAi^]l Aj-sa3 ^3 Jal3 ^A ^aL^Ji oJIaII ^}Aja3 .Ja£3 

, / == 

A_ml] AjjI^jSI AiKlI ^^Ac. ~ UxiaII ^)_£j\lil\ jA (jfL ^3 (j] — 1^. (_£ j3 jijlj IgA <jjfLj (jl 


. AjjaaII 


F-18 jjjjj 4.2.4. 1 

s > 

A-1aj)^A aJjIIa e^jjlAa ^A^j ^F”18 31 ^3 AjaI^j (,j£judJ Aj^^jaII «A^a3I (Ja*1ilxlj 

(Boeing £ujj Ulla.) McDonell Douglas o^lc- j** j^A_a a£ I^aI^ 
Sj-iajaI! j^LLaaSI <jj£jj .(^jIajjc. LJL^.) Northrop ^jjjjj^j a£^aj 

^joj! jll ^jW'l :aJ jVI A_nJl Cj osl^c. — ^ja 34 — 1 Ax^a'1 

(jA 3 jAxAI ^3 ClnSl^jC. — W‘u*jj i4LS^ .(JjHI AjIsV^ ^ j3*ixxAl j A Vv>VI j 

.A_Jjj\j3l (j-Q 66^)jUa]l JaI£ J £_sj (^L 3 ^ 0 L5^J ‘Qj* '"■^ jjVI 

djl^jUa] aJ 1*i Itn a11 (JIaaIujV^j ^jax^i* ill ^^3 AaI^JI ^AJjJal^All aAJ ^^A La 
elusive, ^jjj 4 *jaL IIIaI j ;Aj£^)a11 jI^aII ^ja Ljj^^. Ajj^aII <C. j‘ua' 1 ^IfiSI Jj^JI 

(JLaaIiaI (jl Ij^k j5 to^.j S^jUall (j_)j ^)Liic.V^ ^JJAJ Lj^kl j\ ^y_i3 ^aL^ll 

^jaa**iMIj Aj^LLo Jjjl! ^LA^.j ^ja %10 Alj)g jaj Clli3l^)C. — 

AjjdiJl jj-aljA]l cillj AjjllA ^C-j .35-1 ^3 La^ tdll^jjUaU ^^aaII 
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AujouII (j\ AaJ ^ja <C. j a! ^a! 1 ^j-o 4-C. j u^-ali 4_iC.^ill 

— %30 tJj— aJ — jjjllj J;i3 jj ^Ic. . JJJ^J ^gAc-l C5^ 

^jjSjJ £.1^^.^ AAC. ^AA A^iiJj -35-1 tJ^jaill ^3 La£ AAC. ^3 

^C- c£ c3^^ (jl 1/s.j d^)IaV 1 'LajlVi.a (Jl^-a <al£li]l ^^9 ^sLjaj 

(jj^&jll Aaj]^\a ^ tillA ^aLjjJj g.Vvall ^1\ Vjj-£ 3J ^.J^> ‘ill J ^ j'aC. 

. (J ^"uj.i.qII ^3 (JIAjIJ (Ih 1 U .ft * '" 


0 »Jy^ <£j* dy ijti\ j j p *x.^. 



F-18 C/D J h<.j*l\ Jl JU lLu.1 :34-l Jiill 

(j^W 6* cPW) 
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30% 


60% 




A ‘i ll i. --» V i / J r. I - ■ 

Lu J iJ! r ll 

U 1 


(jA Uija. jjjlJlSl JjiJl ljI jjlk gji jjSjj jjjLLa :35~ 1 JS^J) 

AjSjaI) 


i—isj 4j. ll jV-VI 4 'll U --.'I ^3 ^Sj^all Jjl 35-1 (JSjuoII Aaj 

— 4 M u ^i\l djlc-Luj ^1 — ^-9 ^Ic- o^plii Cjl^jjlJall C-Hjj (J^l ^ Ujl jzJ\ 

(j-G V.^ (JLg*!L-u 1 Aic. %50 — ^jl^ila <c.Luj (J£J c)^_) 

jA (jl^ila A_C.L»u (J£J Clllc-Lua ^-jjJa^Ga !l^2k oAa ^y'lJM j 

4 AiVAl ^jj .A_i1a*JI ojjjfl JXk 4_al£j 6^)jUall AjjLgjC-1 qC. 1.1^. ^»Ia ^jjoij^g 

^^Ac. U-j^^ jjJa^-Q LS - ^ (* jA'i Uil ' 1 V *C5^ Au^n^)]! 


Cll9 j\\ ^9 t LAl^ili oAa j<g*s ^u3^Aj >> _ i^-k i j) j u^*a A1 t ji_Al£j 

S^jjUail eLi^Al 4_al^ (_5^ 
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jjjjU AV-8B jJjjj 5 2 4. 1 

Ic- ji A^^jd l.x^ijl lg,», ^lill ^JJJ^jIa AV“8B 1 0^}jUa ^^3 

. c" \fi\ j)t~ ~ ^ja ^A aIDslaII J^LiaH ^jl 36 — 1 (J^dll ^3 ^ lulL^.) 

.<£Lgjuj A-oLaial ^)j£l ^3 dual jC. — ^juo£jjJ qa Adla 180 160 (_J -G ^l.Wll (j^£lu 

^.ij ,4-jjjll cJa^ ^ dual jc. — L5 Ju^jjuj ^ (590 kg) lb 1300 Jlj^. ^. w'dj j 

t^_y odalu liA Au£^)a 11 il ^dl jiax j (JLajdujl ^3 L_lC-^)i 1 \\x y\ ^ull ^jI-UjjVI 

il ja\\ (J^ixa <_jC. aJj-IaII il ja! 1 dl ^)Ld i^Ai . ^jV 1 6 ^)£i Ic- jda^-a 

Au^ujljdjj A_iaa 1 dli SiLa Ail £_^1 ilu^ujljdJ lii*_A ^)d*j (_£ill ^jdludll A_d^)dl 

(jsix.) ^3 Au^jj^jda l^ilj Si ViaII dluV 1 AuxuiLa SiLa 1 “ u*ijl Igil 1 ” n*\ qa 

^\c- I^LaxIIujI ^)j-aib Au^dl^Jjuj^l (jilx-all (_ 5 ^ £ - r -Jali^Sl lijtJaJjail lila . dli nJ-dll 
<jLSj liila tjiaj cdjjuj 1 aa1x 3 il^ua Ld^. 1 g aIVu^ii <jl (.. ^ill dlAulaSll 

il^-all A_LajoiljJ ^jdtiull (ja JjliJl (jiaxj (JjLgIj £jldaU IdiJ . Au^dl jIujV 1 (jil*-all 
.Cdal JC. O -0 S^j^dallu d U jjjI ^ull tda.^’dll Au£^a11 



(ja £pb) jujjIA AV— 8B — 11 (jk Au£ jdl ilj-all :36 — 1 J^dll 


£-iIadu V A-X-9 j^a] 1 S^l^^Jl A_^.^)i qa dj^)la ^3 ^jdlliull ^jsxxa (Ja* UjuU 

iic. dl^ulaSll (J^-l (j -° ^JJjjaMl da (_£^)dl dli^dsaA (illiAj tLgua £ 1*^/1 ^g-t-d^JLjVl 

.Aulldl S^jl^^Jl dL^^ji 
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X-29A 6 2.4. 1 


<^ i j <A ll l^c. jj J X-29A (jLo S JLla ^-o^Lq J£l (jj 

AjJj r>j cA-ijAx-aII a JUaII Jj -37 — 1 J A&Laij Ia£ c^LaV^ Jj 

A_i^lj ^j-Q A-illc. <JJ^)jJa <_ja AjjJaJ^J La £a — ^-uaji,/T\ ^LaVI Jj 4 ^._jaJI 

■* » 

J ^jjj ^5j . JljgJI ( JJilipjjjVl) L_fll 4 -uaj JJ (jA “(jjjll SjUj 

^I^aII ^_ja J wll ^_1 j ^jaa^Vi ^j^a ] 4 JLLaILj ^ja Jj^Ls djl^jUa ^isl 

^ajlij i** n*\ 1 1^-iS A j'q jLix-all djlg-lxAi^k CIl^LaLaa ^f.'yCn <Ja2 A q J 4 a£^a11 

oJj^aII a ^wV I ^ja Jiil dia Jl uJ^J 4 JI^JI jL^^ill 

t % 

<^_^.^a]I *WWV1 JlVuJ ^ja da JjJ-iMl aAA Jja (_Jaj lJ ai^JI ^Jj 

^ja A HjjVia *L^^p Jjj J» 4_i^lj O -0 JjJa^Vt Clilj ^La^M Jj 

ji 

. l^^Lx-aII (J^_^ <C-L^-j ^9 A-IjojIxjjI <aj 9 djli jy*'' 1 A9L*jj^)]l 



X-29A ^Uj> SjjUa :37-l JiAJI 

(jjLijjc. (jjLj) 
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B -2 7 . 2 . 4. 1 


^X-Llx-a j-o ^A 38 -lcJ^' ^3 jg.lVl C 5 ^ Aiils 2 - J SjjUa jj 

d^gJ s-l Ja^ cAalxall A_i^.b]l j-a j . jLa jjC- L-J 

Aj-adAAll o^A CjI J)Ja ^A blli ^3 t_UuJI j t Ac- jpA Aj^ja ^1 ^a jA ajjlJall 

.DjjUal] Ajjbljll <Ak-a_ill (_$* ,) ^ 1 J& Jl^lU Ig,*, C 5 ^ jl/ j jl 

SjjUa ^gic. J i^A^AJtJI Sj3jJA *»“ Udjl JA^M l^A (Jjx^ljj j£] J 

. jjjjLa A^Jja 1 g,3t ALLiaII F-l IV A 



B-2 AuiaJI Jj m :38-l JiAB 

(jUjjP ujjjiSj^j ja jib) 


F -22 £jjjU 8 - 2 . 4. 1 

^^3 j^Jaj F - 22 jJJ jIa (_£ Jjjibil bjli A^ULa]! SjjUall (.** vj\*\ 

o^a j-o %26 Jlj^. .1997 ^Ic- ^ Sja (Jjl 39-1 

— (RTM) JlSiijVb a 2 jS 3 . jbjxjjLuj) ^juAi bjlij l^_i 3 CiIajujaI ^ 3 j tSjjUaSI 
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1 ■‘n'qjM ^.ajujj - 2.4.2. 1 ^ l&Libsb 

c4_1jL<la] 1 Ajy^x^ll djljjJax]! Jjj CllL Lq Jjj ^b^ll ClilAjJaC- (Jj-g Ig K j>‘Ii ^^3 

JaJjjuill (.** ll £.bj 4_ll^ ^3 .^a3^11 l^j^l j c%20 4 u*m 1 £,'\a (Jsl L <lK*ij 

\ il Clllilill cilli l\3^“n V t A **k‘^VI (Jj-g <xjoil^ll <^JajuLAll ^Jaall 

.<jII1a]I (Jsl l^A j cLoLclj 4_AC-b (jl^iialb ^ qj£j 



F— 22 S jjbaJI : 39 — 1 

o* jib) 


lj! jjUalt 3.4-1 


L-1011 I jLiiaJI 1.3. 4.1 

c*".^ 40~1 L-101 1 s^jUal J ^jW'l jg.hj 

(J-gI£ ^ic- 1 .Vb'l ^lil! AjJaxli AjjjiJl c-LjaC-VI £-g 

jjl^jj LgJjla (jl£ Ai^.j >.'li\ A qjq-N ^r jWll 

^rjWll I^a ^Luij) J^lL (jbxll ^lill Autiwjfl a. 1£-u1a] 1 ciijl£ j .(7 m) 20 ft 

1j <_j-a^3 (_^1 C5^J . 1 Ig.x^iatj £-g (Jj-aj <Jjxj«a ^3 
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t <Ajl AjJaxll tillj A*J (jl£ i j L-jUaC-V^ l**n.W 1 (_^l jW" 

. A c. V^A ^r jWll (Jj-aj Ia^Aj 

O -0 (J^ cjJj LS - ^" ^ jWll ^j^)jAla ^3 ^lAj-aAll <^_aiAAi 

^.ic- c-LAAVi (3 -0 Iaa diLuil^x ii i^y° ci^ 6 ^aj> AaIV 1 a 3-ij>j.)1^j c-LoA^M 

^*jjjVi C-Al-^Ji ^aj/^W ^r jW 4_al£ 4 AjIaa 41 — 1 (J^-Aill <^3 ^aJJ . ^JAIx-aIIj <Jj1_Lq 

SAC- Jj AqKH A' 1 a^i 3 A3j .4 Aa (JajVI 4-AL^JI AlnSl^C. — 

£_iii-aLi]l ^3 ^A^Jjoia]! ^ j) j^aIVI SaLa (J£jAA 4 JUJI cJ^f^ C3^*^ .4_L-aiiA ClAAs 

,<al£Jl ^j-q %14 ClnSl^C- — (J^ An Ia'uj 4^1-AaJ <al^ll ^j-«a %5 


UmK 



L-1011 ^jlS ^UaU jil ^ukJI :40-l J 1£» 

([1-6] Jackson, [et al.] r^) 


A-lSj Ia| — dliSl^C- — 4_IL^. ^3 ^aL^Jl SaLaII ^)Ajoi (jl jAjj Ia^Aj 

^3 4_ilc- jA La c_fll*jJal l_jjI£j La £_Lu ~^jW" aJIa^H <il£]l <j-a AjjIa A uni^ 

<Jal_uUJ ^Lk]l SaLaII ^)*juj tA^JL-all (." UjjjI Aj^)lLa]i oAA <_j£J . ^ j) haIVI aJL^. 

aJLoia ^3 ~ A-LI^AII (jc. tiiiAlA — ^jAja ^.UaC-l ^ l.gj'c AaA*A ^IlJ\ dAC-IaII ^jaJ 

^j3I aIaLlII aJI j SajLjlaSI aIaIxJI aJI JLq 4cAI]a J^.ajj ^All L_kJl£A3l3 .Ail^li 
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aJL^. ^k aJc. ^^a Hug aJL^. jjj£j (Jsl ^a ^-ia^iiIIj ^j£j 

L_Lill£jll c" Ia^. a^. Jj <JSI L_LJl£!ill (jj£j i ^y^\ ^ j j (.5-^^ 

i^Lkli SaLgII 4_il£ ^-lijjlj aUxIIaII AjjAJI ^jLolaII lilt ^Jc- l j\» ^ ^ xlV’i 

A_al£ (j-G % 1 0 J (Jsl Aj£^a11 a! ja1\ ^ja j'l^ll A_al£ <jl AjjLgill A .•vjY'ill OJ^ 

aIL^. ^k £,\\j.si'\W A-itlS aJjj yLuLo ^k ^laLoll ^a aA-gLxII aJ \ aA 1£ (j] !^ax-g 11 ^r jW'l 
l ClA^ nl%Ml (j-G AjAxll ^^9 (JAIxaII QA AjAI x^I iM ^)j£l Ig \x~%J (_£A11 Aj£^g 11 Al _^-g!1 

•?Ji l^J)xJ^J jj£| 4 qjq^ll 6 1 a i.**^ u^il j 


4ils 

j»j!f^l 



j ii aTi^ i 

1 -— -^>11 iJ^» 

C T% 

27% 


14% 

».-.Ji,.>^Tl ^5 

21% 

18% 

s>jS Jv fj** ii.ua j^i 

11% 

49% 

■j---it : f jii iuua ^a 

Ji'SI 

82% 


* 


flM^OOQ 


L-1011 S ^Uaii jB jLalkil 4il£ :41~1 JSJJI 

([7-1] Alva, [et al.] :&) 


AA 1£ oALgII Ail£ g'lsujl ^C-^)ll C5^ 6 (J C5^ AjjujJJ^) 1I AJakill <_j-g£j 

(j-o j .^Lkll SaLgII Ail£ ^k SaIj^II ^Ic. l_J£ \\x‘\\ { jj A_ial£ a^ja Jj (jAai^Jj 

illU tlAA^j ^Lkll SaLgII Ail£ jjlilLj jjL^JJ aIgIxII aJI i— Lill^J ^j| ^jJal ^11 
^-Lll£j ^k CjI jjilll (j-° JaAl Jpl 4 -LgLxSI AjII c_Lill£j S^jau-all CjI jjx^" 

(jl liJc. i i~% ^ .^aL^Jl SaLgII A qK i Lgj 9 V llA^. A a^> *\\ 4 Wq‘<\ 1 G . ^L^Jl a! ^oll 


.A^JL-a AjjILgj ^LsSSI ^xjJajjoij J Jja 4qK'i JLg^.| c > A ^_Lill£j 0 -g^j 

SjLgII l^ij i^joiallo ^j-«a SjLg ^a dnal^c. — ^jl a^J iLia llilL^. ^kj 

^1x11 ^x-g Iaa . ^ j\\a^\ ^j-g (<al£ cjsl^ AjaIxA^I Iaa A 
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(jl Aklj q\ (jj-lJ -Laia A j \\\W A qKll ^gic- 9** \)\\ .13 a^lc.1 ©^)^£Aa]I <j^)LLall ^jl 

. Ajl u^ill t LJI£j )\ 

^Ujj 2. 3. 4.1 

4 x Ik ^ jaII yljj j 3 j j A V I a ^_3 ' j^Aj dll jjUaJI jj£ 1 ^ ^jj 

^jjd ^UJI o^JjUall o3& dl^jLla 42~ 1 ^3 Ia£ ^Aj^^a]! 3I^a]I (_ja (_1aI£]Ij 

jIj jj CjI jjlL £_iaaia (jA (Burt Rutan) cPjj Ajj A.iJ jSI . 1989 ^ ^ i-iajj 
c> JaMj ajlIasaJI CjI jjILII aJ ajI^j V 4a . jj (Rutan Aircraft Factory) 

.(jj_>±A*JI y “'"'j OLmjlAj ^_3 Aj£^)a]I 3Ija]I 



jjAjjS jljjj a jjllaJI : 42 ~ 1 JAaSI 
(Scaled Composites <_>A jjjx»jS Alu, <> ^jL) 
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777 ^3.3.4.1 


4(_^aJ^)*Jl u2]^^a]I 4a^x^i\1 777 ^** 

z > 

<j£^)a11 jI^aII 1^_j 3 i" i\a».**uJ ^3j 4 1995 ^Ic- 43-1 cJ^*.‘Iill ^3 S^aPaIIj 

(8400 kg) 18500 lb ^^VuJ ij clgJ aIjLa <jjL^j £jjjj SjjPa o* y^ 

^3 S^aII LS ^ ^ )‘nll (j -0 cJ^ j>^ua d^Jpa ^3 4 _j^^)a] 1 jl ^ aII y& 

.^LaU ^1 <j-a %10 ^IasJ J^jaJ (J£au Iaa ;Aj^j\!iSI 4_nJl j (^jjjPI Clll^jJpa 

^)AjJa L_i alPl ^ja (_j^£a] 1 ^-iJall jA IjA A Ia ^)j£l (J*Jj 

^3 %20— 15 ^Ic- Pl]j AjI^S dj 4(_£^iLPl ^ja <j j^a 

A-AI^a] Jj AiLjaj (c^LaIjjj ij^ji) ^I^Jl AL^dill j (JSIjII 4_jPa djIj jj 

AlloJ^A 4 j\aC Jjill ^liljj AuIaC. j/Wlj . ^a-lx-all ^jC- <A^.P11 L-Jpa&^U ^g^Jajoill 

^ja aja*J1j .(Jjjuaoll j (Jj£jai] 1 j Jaj^joill diliPa ^.lij ^jAjjajj Jld (automated) 

0jj|_j ^aUaj 4-Iajujl^J (.** l« u*a 43 1 ^^3 S_jAPall ft^Jpall <JjJa^)l dLiJa^jlc. 

•l5j^ cs-^jd 


(JjaII <3J I4x. ^IIa (.“ il Q nla * ) ^3 <ill (Ja*I1»jjj Ia£ 

l_j! 4<^j ViaI' (jjl jpl dA^kjW 4 4-i^.jLkllj A-iLkUl <£ j ViaI' dl^jW'l 4 AjIjl31 jj 
^ja (jj^.A (JajLLujJj . o^Jpall <AI^)^_a A \ JaC. 1 j 4-la ^J^JP <j-aldll A .TujjaII ^jjj j^)P1 
(JA JaI jail ^Jj-aJ l^d.1 J .^joi^JI ^liaJI ^ja ^}^J1 L ‘ajqVl <L-aj ^^3 


•0*l£ U_*?J^' 
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■ -iuL 


(jjjjj 111 £±jjj ® jjUall :43 _ 1 


AliliSI ax- j^oiib JUS! 4 . 3 • 4 . 1 

<ajl_a]| ^a ^jAaII JiiA]l ^9 Idl^. ajAXaII aj9 JaaII ^ja 

Jiil] saa*ja 11 jjVl iiiU. jjlil (High-Speed Civil Transport- HSCT) 
Concorde a jj£j j£ll J\ (SuperSonic Transports-SST) <JijAll ^ 
ciiljV ^11 AjjLia^xJl Tupelove Tu-144 j 

s> - > 

^aJ t(SSTs) Jjj3 (_£j^Jl JfcJ! ^dj <^11 a.Wull 

CllxJalij ^.IaIIj (J?\ . ^JLall 0J^)3I )\ ^3 <Jj\3-ia 11 (dl^A^l 

1 I<Q \t/i (jl^ Jjdd ^aJJ (j£J $4 jAjAx*-illl i" \\ jlW’dl 

^oAlLali (JL^-q ^3 AjjL^JI dll ^j^JaLill j . LilLo (j- 0 S^jUall (.** 1 *.ia 

^j^]1 (.” )\ £_a ^JaldH (J^l D^C-lall A_illxJl 6j )\ ^)dl <A-aldll A-ijldVl 

(JjUjaj ^Ic. ^a.ld 44-1 JS^II (.5-2 ^jAaII (J^ill ^JLall 

. 3-i i*\ a\\ 4jlSl\ j 3I (J^^ll 
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A&la!) jj Jil21 :44~ 1 JiuJI 

(i ha c> 0%) 


4jjLJaiSi ‘-'1 ajjUm 4.4.1 


tdll^ £a j t Ajli\ djUaLaoll £a La dVl ^^JaLxJJ 

.djUaLaoll cLa ^9 ^1 ja!\ A ^x\'i i£^ LS^" (j^xl)a<a]l ^A 

<]jl_^Jl A, gKH t (jl-lia ^9 <LajaiL^. 4_iaAl ^a\ ^A Jjjl! ^^9 

A ^-all (jl iS l^Aj . c-Ljaall qa 4_nj aA ^A J)^ u *ij 

tJIaJ ILAj ^LA*-3 A_ijljJaa]l l£ Ll-al^l] c > \*\'\ 

. o.Yl.W djl ,qn3->i ^)J^laj £a (Jiq'u Ai^all ^9 A oLa A i»l"im La 4-bd 

^r u^ij d n^k ) Ig ,qn^*i Cj o9l^)C. — (j -0 ls^ Q^ x ) 


^Ii]l 4-a^-jJali d A u \ SjLli ILa ^9j cLajJx-a l_£_i9 JAxull (J-alx-a 

(j-a IajLuI djLij ^Ac. Jali^Jl £a l_g_^.^)Lk ^Jjj (^)Ji-ajai]l <xLoi ^Jl <jl lgj\c 
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— L>° tJUJI C3^ J • o ^LaiV i (jjjx*i <9J 

.<xdj j (Hubble Space Telescope) ^L^All Jja lJ Jl* jjl jj CaA\ jt. 


LjbjaJI (jk ullukHil 5-4-1 

dll_jjUa]l ^ Cljlluiailllj lgaj_jlLa Ale. dllj^aJI ^ 4 j£ja 3I *>“ ll qn)Vi ^jajj 

(JAxa j ^ai^-iAll ^puaill 'j&j IaIaj ^xjj AjjLjaall ClAq n)"a ill j 

4 qKll Jlolall j jg «.a'I AjjL^gjaVl JaI ^ jj 4_ijL±i]l o j& j 

Ailill A-la3l *sa\1 LiujLojI 1^)a 1 ^lllj^U ^Ixll (JAxaIIj jjVull 

(JjaL < — * 9AA c jjk^j Cll9 ^11 t4_JlxJl AulLiJI CllV^x-a £-a CjIj£^)a1] 

^Llq 27.5 12L^ ^1121 *■ j ^ 9^11 ^liLo 4 .£ jiI^aII 4_9Laa] 1 JajAjjA 

jjjjL-ajaVI .(34 km/L) <jjllc. J£1 ^ 80 ^^2 (11.7 km/L) 

(J ^^9 CjIj_JxSI C-i^)Jud] jj ^A_lll (jl (j_5^ (J^JjxXlMl ^^LaOjudA^ 

di3 ^11 .aJL^JI 1 g.'^K ©jLiudl] A_ij.i21 <al£ll JjI^jj ^»J I jj Vj 1 ^jjL^jj 

- > 

(." lljYfi A j-v.J Ig qj'qVi <j^AJ V ^tij] eljV^*-a £-A L-llIaSI CIjIjjIiaa i^judij 

4_i9l£ ^llijj CIjV^xaj -laJjAdll CllVI ^\a\\ t JI jaII JjUui ^^^1x9 .4_J1_^J1 ^iix-adll 

^A o^A -LaJ^jjaill (_p^)3 Cll^M (_>^aj <j£Jj .4 -Aajj (J£ djl^jUall <£.1, u^al 

CAjjxll ^lUjj ( - 5^ £ - r Jala^Al CIiVAxaj ^jA^aLixll <£-1, <_j£ £_^Sa (J£jaJ 0^^1.£ 

^ja .}££ ^9 <£ jU^i^ll Cljl^)jLia]l JA£ ^jl.V^Aj ^L^JI 4_^.llijj (J^xa (3^^ jil 

4,)*ix ^)j-aljx]l diL ^ja ^)x^i‘l£ (J£ ^jo) iciilj (_5^- r !djljAjoi]l 

djlx-Luj o^£ <a^1i»jj ^)x^‘l£ (jV tjXjlx-alili (J£Laa ^9 Li9Ljaj l^^jl-a qj^Uxi At.^ ja3I j 

( 3^aj ^jl Ij^)A^^. 1^)a 1 £_iix-aj i>'‘ iljVq ‘i fcl^Aj . A^xjj Ja^J 

<al_jJaj . ClAj^jxll A£-Llx-a ^^9 <j£^)a11 ^I^aII ^ja 4J>a 1! ^)j-alixl] ^jUaill ^-ujI j 

(j- 0 4(JU1 a11 (Jjjja b_LJ Ail£ (jl c > c till j ^j 

.L_LujLaa J<; x'xlj A _jA<ali£ ^Ijjj ^JA C j£Abll ^JLxji^\ 
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L-Ij i^ILj ^jAjJa 4 a£^)a]I ^I^aII (JLa.iV b^. u£ djVjl^-a Clj^a. 

(jjaSI Cj' jmM j jaJjl ^ Henry Ford ^jja <_£ "s jill ^^jjc. s jLja" <j-a 

i ** 4 j\ ^p ^Qji*T' D^LijoJ Clljl^j . (lill^] AAjLaII L_JjAaJI C1 iVI-A*JjaI ULaAi Lj) ^^)jAJt]l 

JjV ^1 <ja.U.jll <-_alJVl (> £ ji^JI ^uaaJI cjli (Chevrolet Corvette) 

^JaS (jinx.) ^'u'l'ij . AaV^ (Jj^la LalaJ t.” iVq^ ^11 4_JLaJI ^A 1953 ^Ic. S^a 

dj^L^-ioi j CIiI^iaaj — &AaC.| j (j-ajl (Jja — CJjUJI 

AiljJaj cLillxJl CIjV-^aj <jJaia-±A]l A qKH *»“ n^. 

<J^aVI ^sjAaJl <Ij£ (j-alljj Cjl iUtTiaj J ^liolujJ ^ J 4 ^]l 

(Jj^^a Clu3^)^^ ^IIIaS . ^ yi^ll ^)49ja] ^-j^l 

l-oj 1981 CjIjLja ls* j-dl uJp Lmj ‘(18 kg) 411b *1980 

.(3.6 kg) Jaia 8 lb o^u 


o^c-la J* n wM o^j^c. Cli^a. ‘ Ojill CljLmjLoj j Cjljna.ua 

J jjl j ^ju^aMl CljLijij dua> ^ja ,)Vn^k Lajlii Clijl£ ^ill CjIajIxaII ClibLiJ 

jI^aII Aj^Liic.Vi o^jaII (J^a. Liljl djL-ul^)^ Clu^aJ ttilL ^Jj AiLiJaj .^ladl 


4jajj^)-dl A-ij^x-dl ^Ja^ll ^ja -i^C- (jC- ^IJiujA^M (. 5 ^ ^9 A \ : 'ia"ia 1 ' 4a£^ja11 

^Jadl ^ja (.lalj (Jj-aJ ^)-i*A-a) (JIaxILaI j (j^axjll 1 £ j>«ox n 

.4_i]l_Aa.Vi ^ijj-ali]l <il£ Ia& ^jjVi ^_ya^)XJ tillj j tlg/tC LjajC- <j£^)a11 


* 

sedan (JaI £11 ^aJL) Ford LTD ^jja ojUa <>1uj c^ijl H979 ^Ic. 

j^jjaa ^jAjJa ^alaJI ^1 ^a1] (1979 LqjS L_lua) 25000 $ (j-Q la^Llajl 

(1100 kg) 2500 lb J] a jLjJI ^jjj ^ ^ uj^L 3.5 AJlAa.yi 

.41 ^HaI! ASfi >1! SjU-ill (1700 kg) lb 3740 gJLJI uJj 5 ' c> 


OJ^A O^jLixjJ 4 j1 J^JJAA IaIaJ JjJa^Al! J^JjAaII LilLAaV^ <al£l! ^)iixj J 

^I^aII (jl-9 Cy* -J*^ U-9^ -0 O -0 LajI^ t d5 1 c 

VAj 6 jl^)JA t.^\ t^>Aj (jl^ l-Q S^jI-Iia!] ^LsI^aII AjjlA-ajaV^ A Ajqll ^JA (j^ 
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AjAIaII CjIjjOjjlaI! (jl Uaji U^aMl (AjLASj dljl£ (till A Jl AiljJal . I^Aa 

. ^Jj^A^IuiaII (—lllal 


qs\xa (jl £a) <JjJa^)A ^)JC. 1979 ^Ic- A^iij dijl£ (till j Jj IaUlLJ j 

^9 (Jxallj (.** v^.'i (Jaj dAaC-Ij <_)Aajl^ill (J! 1 a 4ja!^) 9^M £-laall 

(.** Ajl ac. oIajIj jjlal (jc. 1997 ^Ic- ^gi l-Lu! £j . (^-uAjaII 

aJj^II ^9 (_>^j ^j^UI (jjj^£ll L - u^ (4 Jj£ Jal tAjl^jljjol j ^C.^)jaJ ^jj£1 

(JJXJ (JJa A^9^1I 4_i^li ^j-o AjaIx^V^VI t ilA&Vt ^1] (J ^ ^ j 

Auljill <jl 4 £^)joi t -** 1 V. 1 ttillj £aj *1997 ^Ixl AjaIxII ^jy u J-j (jIajau d^jLijuj <al£ 

4 j£^)a 11 ^Jakll <al£ £a SjUxJI ^Ja 9 AAC. i^jjia^. ^iijj <jl (_j£aJ (JjUaili 4 _x_uj 1 j 

0 *&L <1£joui 1I (J£jiill ^9 <LIaa11 a fi\x a 11 ^Jaall a % 60 j (J 9 I ^lfj 4^1 j9a1I 

(JIiaIaII L V^g.ll oL^jLj 4_iuj Axj 4_1»a lA^)laA l^jjlaJ tilliA <jl lil ^JaJ (Ia^Aj . 

jjj^j JSI difl jll (_>»^ c^U^u/i j (A-uix-JI cil jLiuJl <1 jIaa <ii£ CjI j 4-&JA d_si jLbai ^ 

.A, ‘ijaMI 4 j)-aq ‘ill lj^)Alj«aA <_ja 


AjjLaaJI CjlLukAl 6-4.1 


till j j (4 _*JIj <C.^*jdJ (" il q nl-iMl ^Jj Lglb^ia <j£^)a11 aI^-^ 1 axJ 

dirLijl (JHaII (Jjajoi ^glc. .AjjJaS <j£j ^1 jl o jlnnall t/’ 1 V 1 l_Lj]1£j 1I dljl£ Jl^. 

(^jj^JoJtll ^J^)iill Cil \)».J^)j Al A L qljll ^JA <J^£a 1I tilAJOlll Ajj-£3 Clil jlibA 

SAjAC- CjIVV^a t.**^ u^il .^j^)ill till A djljjjjai ^ AjjLixll (AjljliiJI \,\\x 9 


( Aj.Wa (_£Aa ^Jj CiLj jxll J ((-J^jljill I^Jja j)\ iAViVl AjuLoi A_^U.jll C- qIjIVI ^ja <jj£a 


^11 j (^II^aII j (^ailll (_j^)l_iJaAj 


Clusl ^)C- — J (Jja t flllll ^JA 1-1 aJ 1c- 1 ^laj (,jA*Jjujj^ 

^jJju^LiIaII ^jjLajll (A-illxll l.g**^K ^ja (-J^)l (_al^xll ^Al^j ^^9 

^Uaj ^1^* O -0 c3^V 15^^ (j (Jj (tillA ^jC- IaIaJ SA^U 

JIa* 1 aV 1 (jl^ 4^51 jll .^luxl ^ (jjli" jjl "fiA^ja" 
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SjIaII (JIaVLujI S^La^ IaI A 31aIc- L-kl^iJl <_£.}1 ^3 dldSl^C- ^joi£ ^jj^U ^)£IJ1 

(J^.1 ^ja Aliil£ (j-a^jl diiSl^jC. — jVI ^Idl o jlj j tA_iJ^pJl dal^jjUall 

S-IaC-VI AjjSj 1-a1-aj (Jtx3 dliSl^C- — (jl LaA ^)£dj . ^jja."' VujjaII ^ja^ 


l_ijj^aJl£ J1 a A_JL*i]l dali J^laliAll a_x 3 1 jll ^3 lAjld (3^ ls^ 

^JLxll ^c. jW a ^al . W'u J £A A-d^Jl jl jaII jj£Is dallnlaJ jjlaJJ L_ A^juj j . (jljlJl j 


.ad.1^. d il y\\A jl£dl ls^J ^ Aj.Vq'l daUdiJ Qua Vi ^ ^g'‘ic.i^)jj ^.‘i\jVa\ 


<LudMa 5*1 

^I^aII <jjou11j a jqftll j A_al*Jl j a-jaIaII qc. ajjjjLuj 1 V 1 a V uaVl a_^JIxa did 

* s 

Qc» — (JI^aII (Jaiuj — (J^ <jl (_£^)dl s-Lidl dlliAj .A_a£^a] 1 ^dllj 

IaS t djlij^X^A ^I^A^ IfrAhVuJ A_l^lj Qa (^IjaI ^JJjalll ^ (j^Lx-dl ^ djl ^)JA ll^lll 

Qa d^xli ^Lx3 ^.jJ tdl]^ Jl Aildaj .A_a£^>aI1 ^IjaII £_id<aj3 <_£^)dl 6laX dald^j ^)3 jjj 

^ajdjj ;di]j £a j .dal^LoijVl A_a£^a 11 jl ^a 11 (JUtill (JIa*I1ujV 1 ( - 5^ £ - r (_£^)dVl aJiaVI 

A_i3l£ dal-A.VqA'1 O.AA (jl (JaIjj ^IQjSLIaII £_idal ^a!1 Qa J£ Qc. j£'\)& a‘i cJ^do 

dldl <> ja\ 1 Vujl^p (Ja3 A_a£^a11 ^I^aII daLiioiLujl »l 3-iC-l ^3 ^djiiAll c V’ag 11 

. I^j ^1*Ha]1 


(Jj-a^ll ^3 Qaxa (J^-dj ^^^jLixll^ Q j^)£La11 44M ^-Sj-»-a 

cdUi dtJj .dJUill (Jj-aall ^^3 <sl3^)l] iS JJ^Ja' 1 tdLdl.^J a\ 1 ^a.Vqu*) ^aJ C^jliill 

<jl 1 a Jj Aildaj j'qaJo A^ad-sa j£dal dalsli^)!! ^ja Vi A ^-jl ^11 (Jj-aall ^c_SL*d 

^ J <jII1a 11 jJjJ j dalaJall Ia daljlg_^.Vl l-§^ Lajj ^dil -A jqj^s \1 j AjifUl A_^aix-£i]l 

Ajj^a] 1 dal.q \h\\ fiJ^ad a ^jlaj^al] ^^jldjyi ^l^Vl t ^j*ia\V 11 (J^-aall \x‘\W jaC. 

^a^ajj .AjI jj! JJ j jljjAVl Jal-dlj ^-IxdVl daV j dal^Ll^iVl (J -0 

J^^ll ^ 1 ^idlj .^l^Lalll (Jj-aall ^3 dl^LjJlj (JjlVlll ^JjJal^A ^_)A <C.^iLq A^ja~\a 

iS^-3 ^ ^ajAx«V 1 ^jC- ^_io)l^]l ^-^jJa^All ^)x^*al*\ a (_]£diJ ^aJJ C^jLaII 


116 


AjJIc. (jjuJaiilS (Jjlall jjc. ^a^JL <L-a d_sl a diU.lLa La jA ^3 jj 4 l_iL£J 1 ^Lu3l 
I^LaII 4_LLua (JaIxaI] 1 J Un'i Jajjuull dl ^Loill IaIaLujI dljAl <_£a1 I (jL^Vt 

1 JjLu*aS1 

A, i^. u>? jj (Jl^dl £a (JsVi ®A^lj A,"\.h>.si \ ^jx.j.s-x a VLa L_ij^l t Alll-ill A &Jj\ (_}£ ^JS 

dli^piVi A.^\ uaij d A dfLall (Jja ^j^Lk-a-o (_ja dll ^)3 jjj Iaj idtilrL-o p w"nJ . j l^AdsLiAi 

^All ^jJL^aII ^.l\t/l L^JOlJ ^ 4<*_llj£JI ^3 3j^.^A jA IaA dlL^ix-a (_5-L A1 

• l$j t ** \ ^ .*T' i ■ .' 1 

^3 3^)1 eA^l^ll aAasJI <_£3 ^_ja ^Lu-aij Aijj^)laJ 4 _i£^)a]I S^IaII L_fl^)C. 1.1 

•JjVi 

. A dljSl^iJl C. A. ill l$j ^All 4_i£Li£il L ■a*.^ } ^yJtayA ^Ac. lL* 3 ^' 2.1 


<_ja lAfrill . dll j j L_lL-tfaill dAi 3I^a1I j (jAljil dll 3 3I^aSI l \ks* 3.1 

. ^jlC.^ill ^tAaALuilj 4_d^>A 4-111 ^,'u/l'i (jl IxA^A dli£ |3j ^lAi^l (jA^) dll 


fii_9 t(J_jVl (J->^fl]i ^^3 S_j^£Aa 1I AIL ^IC- A_rdlL-a 4 _i£^)a o31a ^ja ^p k .\ Lc-^ jl VLa A^kjl 4.1 
.(JjVl L*-aall ^_gi 1*1 jl£ ^sll (_£jikVl 4 _i£jaII aIjaII jaij c__fl — j-a 5.1 

$.lii] A. ix. j L-^aali L ** Aj\a» H (_j-« ^LV uAi 4_^llij (j^Ai ^a! 1 ^iLuiiVl ^)j-ai*Al ^ 6.1 

.(J j^\ (Jj-aall ^3 dluj^p ^uil d A flllall 


L ^3 jl (J j^/l ^3 d laJ^C- l£.J-^ ^dj^aJ 4 iIaC- A2k 7.1 

• ^ ^ ^ j~ * 
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.1^.1 ^3 tillj j fjA A_iL j\ l^)x-siic. j)\ Lja^)C. L <ix^1 ^yJayA ^ic. 8.1 

Aviation Week and Space cp 4 -^ ^ o-^M JH*' i> jj*2a*fl 

Civil ‘Mechanical Engineering ‘Technology 

.AlalgJI L^jl^A^ai ^jC- 1 t/i\ i« t_uSI j ...jJI Engineering 
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JiA^t 1.2 


Ia i^a (_£ j^)£La 11 tdjjlljJI ^^a A-ijujLujV^ 4 \ u^l ^jj 

— 2 (J£joi] 1 ^_a La£ q^aH <ala^)ll c > n\'u>ii <, (^)j cIiI^iaa ^^a 

^j-o L_a]ljj ^Axa j!ill ^ JUJ1 ^a La£ t ia jlj ^JajuiA ^ >. n ,\u^'\\ ^^a <ala^)]l ?1 

<i jkt.S-XA (j AkS^ \\\ 1 g.J.^1*,! £A j^.A C_! bLill jl ^oL^jVl oll^jj 4j^J__^A <^J aLlil 

C5^ l^A ^ LgJ jllij ^JAli-all J^laLj . l^J <aC-!j ^<jjJaL^. SjIa^ 

(jj .Ja^a S^j^aII Ajjl_^.l CjlfllSjll <11^. ^ jjJa ^ cJIaj jj-u 1 V^l 4f.l^juj 
j/'-j IjJ tL^Lil^lj Si jioll Ajailall 4 j£^)a]I J|I_ja]I ^xA^ji^\ s-liJI 4ji] 4iil3^)]l 
. L ‘jljo/lj SIjIa]! 4 S^l-.\l ^nll ^3 ^3 !^)a! 43l3^)i] <3ju 



<_iiil a\ -\'l 


ot 3 ialij 

4jj_Ji_a < it jit 


otS 55lij 

- < aijn 


f Jj »-v~U dj l-yl. .. I 


4j3lSjil ^jjSLaJI ^jjLjsJI -^j'KjaH ^ jjJajA (jS AjauLujVI AlluiVI :1 — 2 JiuJI 
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1 ^ 1 ^ 1 ! t^l^Luill ^.Ic- I^a 

aJ ^ IIIaII Cjljjjlll! ^ja -LaiaS S^Aliall A-ilajoi^ll A j^j’il ^ jaII ^_y . ajl a ^ vnII j)\jic- y $\ (jjxj 

j .dJUUI ^ l^JLsu L_i ^x*j SjIaII djlj^A ^ \W 

^.L-aillujl ^ sJJja Ia (_ 5 ^J • ^ka^ll (J^ aII cil^Ludll (_^- ujLuj 1 (J£ jaJ ^jjL-aall 

.^Jajjaull ^ a !1 ( JjIjj ^ c ’ S-^ caII ^I^ aII CIjIa jLLgj oc -1 myW C 1 l ) IaIjla ^ja (J£ 


jaIi^'I AJjL&ld jit* j! jjJ] JUiji- 2.2 


Cjbl^VI Iujj ^IxaII (Hooke’s law) ^ ja jjjlil ^^aj 

Ia£ cJjlkAli jjAjall Aaj^Lij *- . (jl diVljtajVI j 

o-,=C,^. i ,j = 1,...,6 (2.1) 

Jli ^ SjAUill jI^VI (Components) ejt£j* cr Jl^ ilya. 

CiL£j* s . j tstLaaJI Si ji^s C^. j ‘2 _ 2 J12JI ^ x,y,z djl2j\ ji^VI <^9 jUjVI 

jiajJJ SjjlLa jLxjVI 4_l2Alj . ~‘i' '1 ^ 0)1 j . " iV 1 » q'i V i \ J ^'1 jiajp]! l__a^)xjj . Jlxijyi 

jjSj ^-LjajVi (J^ in 1 1 _ 2 (JjAiil ^ <_gjl. nc.^\ (tensor) jjj^l J j/jj^il 

(j j$Li L^^jc- S \! -s S^jJaLilo JL*ij v i 1 j S ^ ~> v ' <r ^ Cjljp^s l^_i9 

La£ Cjylxij'2^ ^_SJ^)XJ jail 1 — 2 (Jjiiil JjJaaj 4jl .(Sjjlc. 

du dv dw 

dy 


*1 = 


dx 

dv dw 

y 2i> = ^+- 


s 2 


£■3 


dz 


( 2 . 2 ) 


dw du 

7 , 1 = H 

fix 3z 


du dv 

Yu = T - + — 
qy dx 


dz dy 

.(3j 2j 1 CjUUjVI J) zj yj x CiUUjVI ^ ejULjjYI ^a wj v j u 2Lu 


A-ii£]l Sjjly] ^Laa.) jA 1 — 2 ^9 y ■■ ^ ^un21 (Jl_*ijl yl t^^.V 

jA £.. JLnijl . 3“ 2 ^9 w ' SJL^ ^9 

Jj-aall JUijl ^jAjJaJJ . 3-2 (J£ ja ]1 C*’ 1 Vi <Jjl^ C \ as - x \ 

Jlxijl ^)j ^a c~^\\*‘t aj V 1 a nt cIxj^ja 

.l^al^A 
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t 3 




2 


La ic> 11 :2 — 2 j£-uJt 


CiVlxiftflj Cjbt^aiU jjj-4^ jj JjULa jl! : 1-2 JjiaJl 





Jj^ll >*.. 1 ^ 


j jdjj 

tf„ (oO 

*1 

e»1 

*i 

<°i) 

«B 

“» fr*) 


ta) 

0^ 

«& fra) 


^i“^i 


■fes=-2esj 



<* 

T&i 



°S 

*n-&a 

*e 


Jlaijl (JL»J (i-7"j) £ jj ^ Vigil (j-aall JLijl cL 1 ^ y.. <jl 


<_iaaI ci)li Ig/i^l cAj^Ljc-VI Aj^i.Vig 11 CjLLu^JI i 4 _ia&I l^J dal jjj^'lll oi&j 

. i^yA ^Ljo! Lq ^9 A_aju)1_^ 
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Tfl2 “ 2^-12 


pt- 





^ i- i a \ 1 j 1 1 < _ . -r~ h fl. l l £] n i."ii ! 


ai 

n 


zx 

a-yJ' 1 3 


*12 




t>flU JU&1 JjIAa o^SJt JUijl :3~2 


ciijl j!lll aac. ^j£J *(2.1) 4 Ja1_*a]I ^^3 IilIj 36 (2^ a^Lai^JI ^jxuJoiu 

A^U LoAdC- 4 _J^)a]1 aI^aII Ajj-uillj 36 (j-a (Jsl <Ia1uja l^_jl ^jlg hi lj\»3 (j^AJ 
^jpA ^lill 4 jja1I a! ^a! 1 .(JlxijVi AAUa] <aI^J1 CIiIax-sI^aII Ij^)IjjC.Ij 

i Sa^.j AjI jja Li*-^ (Jlxijl AiiUa <al!i£ £jIj 

=cr i d£ i (2.3) 

CIjIb^Ic- i uj.ii j . ^/ £. <_ja CJ. djlAlg^kVl IaAjc. i^HAj 

^jj-£3j ajI^IaII (JxjaII <jlA 4(2.1) aJaIxaII 4(Jl_*Ajl — Al_g_^Vt 
dW =C ij (7 i d£ i (2.4) 

fiA^J ^9 (Jjualll £-iA^J (JaI£j] 1 Aic-J 


W =2 C ^ £ j 


(2.5) 


I (2. 5) ‘U^Lx-all ^ya ^ luJ ^jl ^j£-aJ 4 (2.1) 4j^L*-4]l (jpii ^j£] 

dW 


= C £ 

ds : ,J J 


( 2 . 6 ) 
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d 2 W 
ds,ds ■ 


d^W c 
d£ : ds , p 


C =C 

<] j‘ 


■ = C, (2.7) 

\ 4jI_ioL<G 

(2.8) 
(2.9) 


dljl JA\ 21 io^ial-ila oc-Lua^Jl ■ W 1 1 j 

rjl q \ <£jL^u> 1 n^j 


( 2 . 10 ) 


W =— -S'.crcr, 

2 1 1 

— cisLa^lc. (inverse) <3 ^*.a]I <c. jl 1,-ali (J! 1 aj e* n^. 

£.=S ij CT j i ,j = 1,...,6 (2.11) 

:jl Jj (Jj-aj cAAjLuJI ^ oljlxa Iaj jua ^tilLuil 4Aj^)Ia ^-LjjIjj 

s , =s fl (2.12) 

<jl Li& Ja^.V .JaA3 IHjIj 21 1^-iS OJ& J ^D^JalHo <C. jl 1,^11 <3^ix-a-o <jl 

4 t flj-ajj V S^Luo^JI CiL/Lalx-a 

4x. jUa21 J d^LuoJI ^jLcuj j . iic-V^ (JLa*IlujVi ^^g-3 l.g 

. (4j^la^)]l ^j'K.a jl (j* l^-jl 

> iV 

^,'tAi c2 1 36 (j-a A ,\q*u Alkali C1 ij1jj]I ^A*J o^lc-l ^)j£aa]I 

: JUi3l -jl^VI 


cr, 


cr. 


0 % 


" 23 


31 


12 . 


c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 


/ 26 


' 36 


46 


' 56 


66 _ 


y 23 

/31 
_^12 . 


(2.13) 
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jIjaJ J .A_iLxk]l Ajj^aII jUaj ^_yA jJa A_ia^aC- AJL^LxJI 

^UaII <LIa1a ^jjc. ^IjaII l <a l^jl ^Ic. (2.13) aIjLxaII ^s dAs^l*il 

l-jLic. 4 -ujaj (^"\lu JjIaj ( _^.Ua11 aIjIaia jjc.) (Anisotropic) 

aIjLaIa SjIaII a.AA JLJ AjjAill AaajouIIj .SjIaII ^j«gajl ^3 CIjIjjJjaa 

a.u*i*^Ij aIjIa SjIaII jjL^aII (J£ uj^) (triclinic) ajl£>Ij a jIa ^a ^^.^.LIaII 

^I^aII ^ja ^jj^I ^)ialjJ A UtoL^j £_ia_li ^I^aII c t 1 g k^ix.) 

InJ-iatj 6(JliiA]l (Jdiuj Alilall ^3 aJjIaIa ^JC- 

aAHLaII ctfUJI JJ c> JUial-i^yi Jc. jjl [2-1] (Tsai) 

.S^IaII 4 u-^Ul 


(Jlxijl - dilute, ^jls cSjIaII ^lalij Ajj-aLk aJ .i^l j ^jjjaa jl£ I jj 

- ; 

:^Jj jx ^iVi 


a l 


~ c n 

c 
^ 12 

c 

^ 13 

0 

0 

C 16 ~ 

~^1 

^2 


C n 

c 

^ 22 

c 

^ 23 

0 

0 

C 26 

£ 2 

^3 


r 

v 13 

c 

^ 23 

r 

^ 33 

0 

0 

c 

36 

£3 

^23 


0 

0 

0 

C 44 

C 45 

0 

y 23 

hi 


0 

0 

0 

C 45 

C 55 

0 

73 1 

Jn_ 


C 16 

c 

^ 26 

C 36 

0 

0 

C 66. 

_/l2 


( 2 . 14 ) 


AjjU .1 SjIaII a.AA (Jja ^-aujJj . ( 2 “ 1 (^jIiiaaII ^ 1 ^ Z — 0 ^)laLii]l ^jIiuoa *»" ' U's 

.!ASLuia U ja UjIj 13 l^pl j (monoclinic) JjaII 

c_Ajja3 cIa a jLa] a jIaII Ajj-al_k Ia^J ^jIJaIxja (jljjj jol« (illjA ij l£ lijj 

dila^x. ^jj£j j . 2 ' ’ y ^ 2^ ‘2 x*q ciiilij ^Sj a u .; l IC j lal ij -a- j} 

^ a u.; r(2' a -221 diUUjl £-a 4q . j\ * \l diLijlj^V^ JLxijl ~ 


ijjl _jit oUUJty ^ (Principal Material Directions - PMD) v~jJ 2' “4( 0UUJ1 1 
Principla ) v~ 4 2' -jClaplj .ajlil Jabj olji sjl>UJ.I ojUJ^UJ 

2' SjU.1 cjUUjI (j jjbit ip ^ (Material Coordination - PMC 
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cr, 


cr. 


cr. 


'23 


Ml 


12 . 


c c c 

'-'11 '-'12 '-'1 

c c c 

\s i n V_^ o') V--' n 


c„ c„ c 


13 

0 

0 

0 


23 

0 

0 

0 


' 33 


0 

0 

0 


0 

0 

0 


c 


44 

0 

0 


0 

0 

0 

0 


c 


55 


0 

0 

0 

0 

0 


0 c 


66 


y 23 

Yn 
_y \i _ 


(2.15) 


JjliLo jjjIj V Ail . (orthotropic) ^ v*'l 4_i£ylj sj^Lq I^jJ 

X235/315X12 o- 3 ^' ^VUAjI j <r 1? cr 2 , <73 (normal) AjJiUll ^ 

.(Jllull (Jj±uj ^Jc- ^j4 (.** I.Kj 

^)-qV^ j 1 4 CljVl*ijVl j t 4 _jLau> 

^.jj V 4 ji Ix^iji 3^i *\V CIjIjjIiuiaII ^3 (jjj 

. O^La^JI 4 _ 3 ^ix-a>a ^^3 4 _lijjuix> ClljljJ 4 _X_ UJJ V] 

4 j il ^ \a\\ ^gajl 4_i3 ^5 ^^liud-Q La a^La j^yA A i (2^ ^3 1 jj 

l_ijLiJa^)C- ^llJI 4_LL<iLa ^jujI SjLaII dLa ^Ac. l_AAic. tdjlAl^jVl 4_LLa!La 

ja 1 — 2(^ji-wJI -Jllull ^ I^Jj -transversely isotropic 

CjXqU-q Ci _lo2 j 1 (subscripts) jlnU^'l jtiiOUl t^LuJl JjLaj 

4 _ula^. Ua (Jlxijl - dllSSlc- tilllajj . £-a (JjLiiU a* LoJI 

: jjc. V 4 ^ dul Jj 


cr, 


cr. 


cr. 


C C 

12 '-'11 '-'13 


c c 

'-'11 '-'12 

c 
c 

0 0 

0 0 

0 0 


c, 


r 

13 ^ 13 


c 


33 


0 

0 

0 


0 

0 

0 


c 


44 

0 

0 


0 

0 

0 

0 


c 


44 

0 


0 

0 

0 

0 

0 

(C n _C 12) 12 


°3 

y 23 

X 31 

7l2 


(2.16) 
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j jj 4 u ^.1 CjIJ lIAjj^Loia ^_y> a jx. 22c dlLi& 2jl£ 1^1 
(jllLlij l$J.l] ^JkLLall ‘LfjLaia sjLall CIiUlAc. £L4j_aj] a!)lc.l sjj£Aa]I djl£}l*JI Ll. imj 

loci mi's II 4 2 j 2 . -^i ^ Jal3 Jj V -i Q' ■ a jlii! 

C C C 0 

'-'ll '-12 12 u 

C C C 0 

'-12 '-11 *— 12 u 

C C C 0 

0 0 0 (C n -C 12 )/2 

0 0 0 0 

0 0 0 0 


0 

0 

0 

0 

(C n -C u )/2 

0 


0 

0 

0 

0 

0 

(C n C u) /2 


3 

Yli 

ftl 

n 2 

(2.17) 


I 2 j-21 j lj\ » . " iV 1 I J j — (JLxAjV! dilate- 

:(2.22) Jj (2.18) ctfjU-11 J L jj 


*1 " 


~S U 

£ 2 


Sn 



Sn 

y 23 


S u 

ftl 


Sn 

/12 _ 


S 16 



: ( Z 

*1 " 


~S U 

S 2 


Sn 

^3 


Sn 

X23 


0 

/31 


0 

y 12 _ 


_S 16 


’ 23 


' 24 


5 


25 


’ 26 


5 


: ( v ,i q~i , tulij 21) a.1 -UjLla jjc. 


S n Si 


33 


5 


34 


S 34 5 


44 


' 35 


5 


36 


45 


' 46 


' 35 


'45 


' 55 


' 56 


' 36 


'46 


' 56 


66 


O’, 


<3\ 


23 


31 


" 12 . 


(2.18) 


• (Z =0 (Jj^. JaUu (J^l ^j^s) (>ltinii tLUi 13) (Jj-ll 4-ijLa.i 


J 12 

s 

J 22 

S’ 

J 23 

0 


5, 


J 23 

S’ 

J 33 

0 


0 

0 

0 


0 0 5 


’ 26 


45 

0 


0 

0 

0 


J 55 

0 


J 16 

*26 

*36 

0 


cr, 


CT, 


o\ 


(2.19) 
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cluljj 9) 



£\ 


\Sn 

<5 U 

^13 

0 

0 

0 ' 

0-1 


S 2 


S 12 

*5 22 

^23 

0 

0 

0 

<7 2 




<5.3 

^23 

^33 

0 

0 

0 

^3 


Y 23 


0 

0 

0 

S 44 

0 

0 

^23 


Yn 


0 

0 

0 

0 

S 55 

0 

r 31 


_y \2 _ 


0 

0 

0 

0 

0 

<5«J 

_^12 _ 







: (<l£iiu 

.LA Clul jj 

5) LuLjajC. 

*1 


~Sn 

S a 

*5l3 

0 

0 

0 


0-1 

£ 2 


$12 

& 

’11 

s n 

0 

0 

0 


^2 

S 3 


S l3 

5 

’13 

s 33 

0 

0 

0 


^3 

y 23 


0 


0 

0 

S 44 

0 

0 


^23 

y 31 


0 


0 

0 

0 

S' 44 

0 


*31 

Yu 


0 


0 

0 

0 

0 

2GS\.- 

<5 U ) 

^12 


( 2 . 20 ) 


( 2 . 21 ) 


aJjLaIq 4-C.^l J^^ll C_L>LqLx-q A_a3 (_£ jliiaLA 1 — 2 (_£ ^AjolaI! (j^SLi (■.** U's 

CIi^LgLx-g (j.J^ (^)laL±ill i^jIuia 4_b>u-i]lj 3 oL^jVI LS^J t^_^.LiAll 

A-C. jl 


l((jljjl ^XsilulA ^llJl ^UjLslLo 


*1 " 


'<5.. 

*5 12 

<5 U 

0 

0 

0 


s 2 


<5.2 

<5.. 

<5 U 

0 

0 

0 

°2 



<5 U 

<5 U 

<5., 

0 

0 

0 

^3 

Y 23 


0 

0 

0 

2(<S u -S 12 ) 

0 

0 

^23 

Y 3 1 


0 

0 

0 

0 

2(S n -S u ) 

0 

^31 

Yn_ 


0 

0 

0 

0 

0 

CN 

CO 

1 

CO, 

<n" 

_ r i2. 


(2.22) 
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^A — ^ja A_ix*uj ^)]1 c_fii.}AV^ -l^i (jj 

C t n^'i (jl jl_g_sA c > n^n C'lW'i ^lill JlxAjVl AjIVhJ ^A La ^tilliail 

ijb L£ i^l- JUififl cm* 


£ x ^uCTj +S l2 (J 2 +|S , 13 (J3 +*S , | 4 T23 “*"‘^15^31 “*"*^16^] 


12 


(2.23) 


Y 12 ^16 Cr i _l "‘^26 Cr 2 _l " , ^36 C5 ’3 ^ 46^23 " l "‘^56 Z "31 ^^66^] 


12 


^}. A y) 03 — cr (J^.1 i^ja 4<^ilA] liisjj 


£ x 5'nC 5 ’ S n <J s 2 5 13 ct 


y 22 =S u (7 7 31 =S 15 <x Yn=S l6 (J 


(2.24) 


IA l£“^ 4-1x£^<A 1 <jl ^A j 

^ (J»,q‘n ^AjJa (jli i ^j-a ^Ac-j * t ‘‘* 1 ^ , ,. 1 J J ^ 1 - i S^C- 4j.ll ^jLuiLo ^-^LiJal 
c_Ja£^J 1 ^j-a ^Jjja (J£j ‘(iSjj ^ iSj 2 2_La ^1 <jC. L q'“^ .a 

A_Ll£ JJC. ojjj-^J ‘(^14 ^^15 ^^16 U^) l (J-afl <JJ 

-lajAv^H 1 xiij) (Jxil<JI ^)JC- i^J*£-<AI 4_xJa5liA]l Ja^ia^JI (Jllaj n*\ c4“2 

. (JxilxAl <*_Jx£-<AI a j ) a1j^a1\ 


c^JjIILaIIj ICjI^j^AjII oAa ^^Aj ^jJa^j 4_9^)C. 4_5-S jjt/i'n <jl (J jl_^. 

3 J 2 ^jjAL^jV^ ^AjJall <J^ia ^9 ^^-^.LiaII AAjLaia o^LoIl 

£-!ljJaVI (j-* <_S^ UT^ (j-aa 4 jjJ£ '(J) 14 (jjfLl v J (5^2 =tS' 13 <j ^) 

— 1 _j^.llall -UiSLiia JJC. SjIaII jj-a — tJll.l=>_) •(5’j 4 = »S' 15 ^iSjg = 0 o^) 

. JUijVl CjLA-v'uJ L_all^-Gj J^iaAll (jjj (jl ^)3j 
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(7 Caaj Ldl JjLaIa jjC- l-jLLa Ajjdu :4~ 2 jLiilt 


5-2 l-iAaldc-l .’’Ig “^.a ^aai^ (J^.1 cj-° dAil^yi ^Jaj 

(J£ ^JIaj tliAj .<c.jUa-o <J£J AjjbjJ aJV . ill (labeled) J)jja‘i c n*\ 


<7 19 <7 2 ,<7 3 (jllaA J jilo AJUaiiuil Aj1 >u J 5 , 1 ^ 22^33 C 1 j l^ALj^a-dl 


^aS JUijl <AaoJ S 44 ,S 55 ,S 66 (.“ \\ ^U^a^aII (Jjajj .al_dVl t^Jljall 

Cl^yi 0^ 0'jSy' ^12^13^23 dal ^IA^a^aII (Jjaj^ . (_£^_uaa] 1 ^uaj ^9 ^^a i_y^ 

^)j£l ci^dj a\\ y~i\ a a\\ !hk\ a J ^jl^jj) A_udalj]l dlVtxdVl j Adi yd 11 4 j-aJolill 

5 , 3 49 iS , 35 9 5 r 36 djUU^A^'i 111 .(Poisson effect (j^AJjl^J ^SJOllj IC-^jd 

3d Ld J dV ud^' <-d^' 5 jU1u:I Jlaja *S'i 4 ,5 15 ,5' 16 ,5' 24 ,5 , 25 ,5 , 26 , 


(jljal) AiLLud]! dale- jIJ^aII d3^Lol*_Ali ^Jj AjjaIIIj (Jj-ad. ^a Ha ^jj£ 1 S.vi* a Aaj^laj 


(Jlxijl AjLdiujl ^459^255^55 dlL^llaj-a-dl (Jjaj il^idlj . ( Allli 1 a a )1 — (_ya$ 
dk.^J (_^H1 da. jll (jl^Vls t^JjULdlj »((_>^ — O-^ L^d^]) (_£j1aa ^9 JjllaA (_J-aS 


AjI VuJ ^jli tl^Aj . AJUaJjujl - AlUadd (jl^j ^A ^lldl AIjIaia SjLaII <jjdllj 

jj£j <jl — Jajjoull ji_g_^.Vl diVH — ^-^A-Ia]! ALLdA ^jc. SjIa ^^9 (JlxdVl 

^I^aII <jl 6.2 ^JaiL&ll ^^3 iS d S jjaj . (_£jOaaa (_^1 ^9j oHjI ^1 ^9 l_i9^)^. 

> 

ojLall CjLul.laJ (ja j aJ: La-ljc. (_£^)&Ua ^^.Lia (JjLaJ C. (_£.lij (jl ■ L '"' *.' i-ail 

^3 (j-jjJ al^LabtAJ (3^*2 5\ i ,5*22 ’*'* 33 o' <_£>“■“ 

L-JjaUJ Aikla S n ,S n ,S l4 (jj^La 4iiUiS .L_li:Jj]l Lf lc 3 j 2 j 1 ClULaj^l 


(J-aall Cl£L<iL*-4J Allxla S ^,S ^ (jj^'ua Ijiilj .^jjJ CltiLaljt-aj 

■J Jill ,> 2-1 J 1-3 j 3-2 




_ 4 jl Wl, . . '' ^Jil Jb'' 1 m l jl J-! 

4.1'. -I-i/l.-.'I ^1-^3 T jl J|j 


ftt m 3 

■ 

1 


E 2 


H 

, s: 

T 23 


T S1 


fta 




S 1Z S 2Z S i3 S 54 S 2SS26 

S ia %J%a 3 a 

S t4 ^34 5^4 
S 1 S S 2 B S 35 ^45 


^LUI AlUi* jjc JI 49 .) -JUL 1 ^Lj^l 5 JVa!I : 5~2 JliS 


j| ja 31 ^ tlu! jiS! j A£. jUxJ! j Cjlf Lj^Labut 3.2 

^LLaII 

* ; 

£JjJ C12 ^LgL*-g ^^A ^jVq‘l'1 Clljlj!i]l ^sjujIj ULl^l C5^^) ■" duljjll (jj 

(_£ jLJl Clljljj ^ia*J AiLjaV^-J CI^/LgIx-g^ L_Luij^ AaaaaII 

(Jj-g A J-ijmj cJj[\\<\ Clijljall o^A ^»jjj *6.2 ^^9 Lg-uj^liuj 

Ia ^ jjxajq'i CajI j!lll cL9"^ tl^A j . jl ^jL^.1 ^!iA\ Cjljly^l 

4& jUaJlj O^Lud^Jl djli^ix-sa-G Clllj£^)-G ^j-G ^)j£l ^)jaIxg (3 A ^jJa\ ^11 

} ss 

.2.2 ^LL»1I Cu.vviJ ^1 Ln^ ajaij^iII (compliance) 

* 

Ixa ji (2-^- 4-Jajaii^j l *qu^jo3 A J-i hgiH Cj\j\ n^Vi ^ .)-■>» a (_£ 

Jxo Ajxjj.Vig.'l ciijl jiill fj jLoG t^lc. .gjlill ^Ls^jVI jl JlxajVI 
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JlxAjl — Jlxijl ^.Ku jl (E — (J / £ (JliLall (Jjajj ^^Ic.) iJLxijl - b .Ki.a 
(J ja.VI ^L42kj 0"^ = O' <Ja.l V' = — £ / £ x JIaaII ij^f^ cj - ^) 

5 = # » ; 

(j-o o^jjoiLia ^)j£l ( S jj ) <C. jl J-i>a \\ Ai^ix-a-o il^Aj 

t.** \\ Ajj^Lj o^Lq O^J ■ ( C j ) o^Lud^JI \\ 



A_bjjAi^JI t. ** \ ^ 1 j ^\ \ i A ^ \ A f“_ ^ 1 \~i A Q i ^ 


1 

E 

V 2< 

E 2 

^31 

E 3 

0 

0 

0 

*12 

E, 

1 

E 

^32 

E 3 

0 

0 

0 

*13 

*1 

^23 

E 2 

1 

0 

0 

0 

0 

0 

0 

1 

G 23 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

G 12 


(2.25) 


3 j 2 j 1 cjUL^jVI ^ (aJILIujVI) CjXqU^ - E X ,E 2 ,E 3 

A_xuall ^1 (. (AJlkuJ-AJlkuJ C12 }Lg1_x-<^ u,n — ]/.. 

i oUjVI JUijV! ^ j oUjV! ^ jJI JUi£U aJLJ! 

li&j ci oL^jVI (J^j l 3^J Lo^jc. 

y„=-— (2.26) 

e t 

(_JjLuij £\Ayj (Jy— (7 tji.1 ^ 

2-lj 1-3 j 3-2 Ciljji^all ^ o-^all CjXaUi = G 12 ,G 31 ,G 13 
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A f 

o^Lall (Orthotropic) ^LlaII 42 £Li oLaII <ji li =27 

ijl . o-^ t AJI 3aA ‘ ■■' (_J-sa9 0-3^ V (3j 2j 1 djIAI.!^/^) 

I(jj£ ^Jj I jiaj “diluui duljJ 4 *auJ ^j-^liall 4jo5Lj ojLall 


5, =5,, 


(2.27) 


^3 aplal ^ l^_jl jj/' Oijl (C^. ) oc-LoLiJ! 4 0 q. _ qVO ^A 4t~. jl L>a\ 1 4 A .q , . O^J 

:> ch (2.27) ^9 AjjujAI^JI clul jiill LoAic.j .(2.9) aJ^1-*-a1I 


^ = ^ 07=1,2,3 i *7 (2.28) 

E i L j 

4 i£Lj 'OLall (Reciprocal) 5-u.j^t cJJDlc. L^LLj j o-, , . ia^ JAa j 

V'i 2 ,V'i 3 , VjsLSJ^ lsa.V jliic-VI (jJ*J A.tj o' Jj ^l^aj V Jj .^,- 2 'ia'I 

. _ ' > .4 0^1 *7jl — OOO^^ 4 !' ^ r - a]' 4 lg_ic. 04^*-2' 0^44 V-, 1 , V 3 1 , Op (jV la33 

L^_i*7 ^oo^'^ . . ' ‘ 11 ' o^ 1 4r. j|^-v a\ 1 ^ . -i n *71 . . o^l j cALaLxa^j 00^'^ 

.^Ixall £31 oi' 4 aujIj3 ^jj La ^A l " AJ y*'S\M q>»» j ^3 oj£j 
o3c.La4ij ^i.llall AjjLLj bAa Jj 4_1 aaa]Ij j J (J4J ^ LSJ^' L.^'" Aj 
^3 .£j o^i J . (J^l O 4 '' C T^' ' Cy* o'"-' 1 ^ j; O' . " 6-2 J< O' 

Jj blAJ j tiilij Xic.j 16-2 J< lT.'I ^3 1 aL^i*^ ^^3 AgA7l jllaj 5-lLaJI 

:cA7 IxiiVI oj^ (2-25) j (2-20) o^LU-ll 


e i = ' 


(2.29) 


o j v 12 

£•, = —<J 

Ei E, 

teij-Jl SajLaII (Superscripts) LJ*il a 1 v 5 UI 4^,7 jj Jja^' I s L^jl Jj jLi) i*n^ 
‘(Subescripts) 4 ;U,2I 4^,7 jj JUijL/l j JUaiVI cijIaUjI ^JJ jILuj 

:C^\^\ ojSij 


>A,=^ 


'A, = -—uL 


1 Ei 


(2.30) 


(jjfiiij i6~2 2 (j-G <=L<ua]l tj ) 1 

:djVUi3VI 


2 


£ i = 




(2.31) 
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.liVUAjVJ 

(2.32) 



v 2l j v l2 <j£> U JjjaU ( :6-2 


L ol jk-o ^^A La£ > E 2 4_5-3 Ail ^jJal ^11 

^3 Sg-lxii'N ^)j£l A3lii^)]l ^] l^)laj ^3jVuxi La£ < A 9 (j^fLl lAAixi cl 

^jC- — A jxxi^a.ll Cllls^LxJl ^ i uxii (j£l j .2 al^laVt l.g \a 1 oL 

: oAi ~E 2 J E\ cr 1 ^ 
'A 2 = 2 Aj (2.33) 


A_i£Aj ^1 xxi-^Vi J^.1 ^j-o Betti's lciw ^jjalj ^jajm ja j 

LoAdC- A ,xxiq 1 ^^jLiJa^)x]l JUijVI (jl ^.‘ix.J IaAj 

L5 Ac. ( jxJ v 12 y l>°j *1 &L^jV1 l 3 ^j l 3^4 2 oL^jVI aI^VI Jjl5aj 

. v 21 _s ULLka epLLVI 


(J£jolj 1 g x>ix)l <j^1Lq ^A <C.jl2a-a]lj a^L-o^Jl ClAkjkx^aji (jj 

<j-o (jAaxJI 1 g.x-ox.n 1 ^jU£^)-q (jl dAij^x^iA'i ^Jj IaIHxjjI ^cjuj Ajls cJaIjlLg 


La£ ^liJ Ajj^Aj aI jxll (J^.1 
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c c _ c 1 2 

^ 22 ° 33 _ 23 

i i 


s u s 23 -s n s 32 

^ 12 


C 13 = 




22 


c = 

^ 22 




13 


C C _ C C 
_ ° 12 ° 13 ° 23°11 

^ 23 


c e _ e 2 
_ ° 11°22 fj2 
^33 _ 


C = — 
W 4 c 

^44 


c JS =^- 

^ 55 


c = — 

^66 e 

^66 


(2.34) 


5 =S n S 22 S 33 -S m S 2 2 3 -S 22 S 2 -S 3? S 2 + 2 1 S 12 S 2? S 13 (2.35) 

1] 4 S J C (jaJ 6 (2.34) ^^-3 

. 4_uj j£jca] 1 AiLiLxJl (^£- 

aJV-^J SjLg (j-Q C7yy oc-Lud^JI ‘kkjkx^A ^Ac. (Jjj-sa^JI 

4_Lajai!^j jl (2.25) ^9 S ij 4-C. jl ]^a\\ Ai^a j-sa-o c__iAb CIijI jail 

AjjLuiaII s»Lu->'l cii5L<il*_<i jjSjj . (2.35) j (2.34) ^ 

. (2.15) ^ 


1 ^ 23^32 

H ^2^ 3 A 


r ._. 1 ~ ^13^31 

22 e 1 e 3 a 


_ v 21 + k 31 v 23 _ v 12 + v 32 v 13 

^ 12 


E 2 E 3 A E x E 3 a 


_ v 31 + v 21 v 32 _ v 13 + V l 2 v 23 

^ 13 


E 2 E 3 A E 3 E 2 A 


C 44 — ^23 


c 55 =g 31 


_ k 32 + k 12 v 31 _ v 23 + v 21 v 13 

*- / 23 


c 33 = 


E x E 3 A E x E 2 A 
l-v„v. 


12 K 21 
E\E 2 A 


C 66 - ^12 


(2.36) 


A = 1 ~ ^ 12^21 - ^ 23^32 - ^ 31^13 ~ 2 ^ 21 ^ 32^13 

E \E 2 E 3 


(2.37) 


• (2.35) 5 — 1 AiUaxi A (jj£j An 
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jli Aju^Aj j L g SjLg (jlj ol JJxuVl Ale. AjI Aj-saLk 


V CjLfil^aJ tilljA ciijl£ li] Lg l Ailik-Gll U jjll jj9j CjIjUj^VI 

^-^.LIgII Ajj^Ij jl ^IIgII (JjLgjII j£-GJ ^LaA j)-Gj .A-lUailujI - 

aJ-'i'OLg]! m .‘ i j .A-gI_A A_al£ jl_i^.VI jiaju ^9 ilJVn tiilj jl£ (j]j tl -Gg , i^g (_^l j\_9j 9I jl 

Aaj^)ia]l dLa J . 0 jLgII A-Iujjj^II CIaIaL^jVI .Ij.wM (_]^_* jjVI AAj^ia]l Aj^)j-ai]l 

. a J^)^-g]I (jjxll AJaxul^J Aj^jU aIAS SjLgII dll jj-G-G j (jl c > v^j cAjl^Ij 

^9 U-3^)-3^ L5 Jui ^ -3^] L}* A-C- j)*u^i<q 11 t flLllVl-J A9lii^)]l ^9 6 (JUa-gII (Jj Ua 

(J jia Jj9j 1 aLdjVI Ail ^Aij^pd ^^ji^ll aLdjVI VL^. iWij 6 1 0 — 1 (J^dJI 

JaJ^)jud]l (_£jLajola ^9 ^gjLja^)*JI aL^_iVI ^A 2 aL^-iVI j^5Li 4 A_jLoi-g • <• 3 gftfi 

^Ic. (_£Jj-gx]I aLdjVI AjL 3 al^jVI ^jj tl^idl j . ^V^all aLdjVI Jj A_ixd]lj 


. JaJ^_)julll jjd.G-G 


Au a. r^ . ti cuijitfi ^jJc- jjjiit 4.2 

<jaUa 2I 42jLaia Al j-aJl 1.4-2 

ciijljiill a ' m <g dilate. ^jqV ‘1 l_i^j 6 (Isotropic) aELgIg jI jjq ! I 

Lg£ 4 V (j^jujI^J A_jjudj^ E Ajj^)-g]I (J-gLl-g A-lajoil^j (_j-oqll (J-gLl-g t <J^xj 4^La-g9 .A, Ujj.Vig.il 


G =■ 


(2.38) 


2(1 + v) 

jl LijL^j) La-gEiL Ijl^aJ (jl (_£ I tLdl.2 (jjJjL^-jj G J E jjfLl (_5^ tl^Aj 

:LjL*jI ^l*d ^dii (j-sa^ll JUijlj jl (J^I^-g]! ^-GJalBI JlxijVlj U j_jjJa-G (_j-a9 

v > — 1 (2.39) 

^J^G'N (j-G (^jLuiLg ^IIgII (JjLxlLg fmiy (_jJa^)xj lij 4A_^jLabG Aij^jIaJj 

JlxijVI U^ixi c(J a . = O’ =(J z = —p ( j\ p ( ^nVu^jjAjA) CjUL^jVI 

jVI a_jj^g 1I (j-G A^till a j-gJoLaII jl aJUVujjVI djVI-*-ijl ^ ^ -q'^'^11 

IjA ~((^, <Q >^ k 'l 

0 = e x +e v +e z = ^ = ^~ (2.40) 

' y E /3(l-2v) K 
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: (JaIaaII JC Cln 


K= (2.41) 

3(1 -2v) 

'.j LuLa-iJ E 2aia LuLajj K 


1 

v < — 
2 


(2.42) 


^ yi L— ia^a JAaj jLaiaII lajt . *all - . ixlmj i. £ cLuLa ^ as. a. 11 ^JaIaaII ^jl£ ^ 3 5 

^jAjJa ^aLiaII <UjIa1<s aI^-< 2] <_u-A 4 1 ' J^liall <1 Aa1<i &aIa]I 

:JUa1I 


. 1 

-1 > v > — 
2 


(2.43) 


.4_a1Ljj Jlxijl 4iiUa (_^)-£aa]l jl CIiLaL^jVI J-a> (jA (_£ jLaiaII (J-a^kll ^cjuj V Ia^Aj 


Sj-axIula]) jl ^aIuII jIj-aII 2.4.2 

di j! Jill cAijUll j 6 (orthotropic) ^li*ll j-^ll ^ ^ 

cill^)jaill C > liVi (J^l (jA (J^'In dlls^lxll oAA (_£^)^j c > 1 > J J . 1 .JiaM Ji£l A, j^i.Vig.ll 

.^UaII AJjIaIa Al ^aII £a (J-ol_*Iill oAC.13 ^.Ic. ^-IiaII (_)jjA^JI ^1.1 VuJ (j C- ^-L ^Jill 
c*11a (jC- (J jAiaII (JxjaII <1 (JsI^aII Jlxii^l £a jl^yi *lAa. (Jjaj cAjIAjII 

Iu^_ja CjIaI^V! (j£ (jj^ia (jC- AIjAiaII (JIxjujV! ^-^a^a (jl l>jj .Al^Vl 

Uikti ^Jill ^jaII ^Ic. IJLaIjjA ^a Ji IAj3 j^VI Ja^aill lAA £jJaJj .ASUall ^ nVn 
AAjA^. ^3 — jA ^IAaII ALIaLq aI jaSI 4_1L^. ^3 IajLuj a jl^jl Iaj . A.jxjj.Vig.ll duljill 

^UaSI Ajjjlj a! ^a! 1 (J^l (jA ajaII Ji aaIj -AjaII Iaa (Jja (jc. <A^.Li a >j ii 1 

Cj13jAx^a 11 (jl L b >g jjj^aJ *^j • [2 2] (Lempriere) jjjjaaJ (Jj 3 (jA 

^-Iaij (jl ^^Axj Iaa j cSa^wa — 4_±^.^a jj^i (jl >. t i>j (JLxiiVI j aI^^V! (jjj Ia JajJi ^Jill 

S^.Lul2ki! djlS^aj-saA (jA (J£ (j^^j (jl VNJ tlA^A J .O^lxliA V j! ^-1^.^A JiAJ 

. 6 AA xr~ jI.^ia'1 j 
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(JjjJaj li] .AjjVI AjjIj jjill A ^gjl u>Ajj] 1 Ja^)2JI I^J (J^ilujJ (jl (j^AJ 
^)j-aljx]l aJ^jaI^J ^.l^J (JLxijVI jls c£^)a (J£ ^3 Ja^3 .1^.1 j ^ a3^1j jl_g_^.j 

!(jl (_^l ;A_i^.^a ^)j-aljxll tilL (j^£j (jl *». 1>J il^Aj .^-C. jU^aII Aij^^Al 

^ 11 ^ 22 ^ 33 ^^ 55 ^ 6 6>0 ( 2 - 44 ) 

: Aj^.y^.ll ciuljiill a_*J ^IaVu2j jl 

E l ,E 2 ,E 3 ,G 23 ,G n ,G n >0 (2.45) 

jl La1j *>" n^k ) 1 JlxijVi (jjfLa 4 A_Aja11a ^ jj 3 Cll^j Ail cA^Laa A^j^lajj 
j jlg_^.VI (jC- (Jjuai]l ^clijj t j)A j .Ja^3 .1^.1 j AJUailujl (Jlxijl A_i3 

Ai^Sj-aAl A_j^Jaa]l ^)j-aLlx]l aJojaI J. W 1 (J^-IaaII (JxjaII jl ^Jl l^iajj — 

: jl (_^l cA_±^.^a jj£j (jl c > v^j ^jj-saLixll tillj jla — s^U-aJt 

^'ll’^'22’^'33’^ , 44’^'55’^'66 > ^ (2-46) 

i j^fLa 34.2 aJ^IxaII (j-«j tA_iIc.j 

(4-^23^32) > 0 ( 1 -^13 V, 3l) > 0 (! - ^ 12 ^ 21 ) > 0 (2-47) 


A = 1 - v l2 v 2l - v 23 v 32 - v 31 v 13 - 2 v 21 v 32 v 13 > 0 (2.48) 

Ai jL^ll sis, jj£j l _ r i^ La. y> jjli J i_ia_i Ai jL-aA I (Determinant) 'jV 

: Jl djI^Lud^JI ci2^1aL*-a1 a_i^.^JI A_*_nla]l 2-34 aJ^L*-a 1I (jA .aiw^~An^A 

N <slEE ls „ l<#X | s 4 <# i ^2 c - 49 ) 

(J£ja11j c 2— 1 2 aJjI*a 1I ^ I t<c. jl 3 -»a 11 Jalij Ja^iA (JaxIiujI 

i,j= 1,2,3 (2.50) 


V V 

y — J 1 



i^Jj US (47.2) aJjIxaII Jaj^jai <. . n^>‘ i 




(2.51) 
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p lij (2.49) (2.51) Jc LjJ ^ 

l jC- __)jxj jjl <£jLoui <LjlaJj S ■■ 11 c“ lU i^ytj (Jl-liiui! 

:^ljL^(2.48) iliU-ll 


2 E l 2 E 2 2 Ej, 


^21^32^13 < 


1 


, 2 E 2 

i-^32 — 


1-v 2 ^ 

1 V n 


^ (2.52) 
2 2 

*2» L '^ > '^ ' 2~ 2>-a ■ £ .a-Jala jl_xJ ^j\ 2)5-a J J 

--|2 


V. 


21 



£) ^2 

+ ’ / 32n 3l " 


>0 (2.53) 


2 ^mxuj 4 U| . .|1 J ^ 4 |/^ | 2 .>a«I^J 4 u.;'l ^Ic. -ll3 ( ^]c. 4 J j 11 (J ^.1 2 H 1 

^ic. 1 jjaj) (2-53) 4j2l*-<ill v_ujjj 4j<j 2^ u^y < j i/pt2AL>^ 

/•:. ' 1 ' 


v ^t + r v * Ir^Ut 

<^21< 


(2.54) 


Eo L 2 E 2 2 E 3 £, 


'32 


. J V^2 O -0 CllV ^1-XA ^^Ac. (J (j^AJj 


4_i£)Ij ^a!1 A, u^/AIj dijl jail ^Ac- aIjLuj Jjjall (Jaxu^ 

(j -QjJa AiLuilA Clljl£ (jj 4_lJJ^)^lAl C* ll jAi» a! 1 (j-sa^i (j-a C5^ , ^ ,x ^^ 

(alfl C5 Jal ^3^] (j -0 <1L^. . A_liJalj^)]l AJj^aII ^A^aj ^jlAaj 

ijjjJ jj j [3~2] (Dickerson and DiMartino) ji£jU ,j£jj 

JlxijVl ^Ac- 2 oL^j^M A_31_uAI a aj^II (J^l (j-a 1.97 ^A] A_*ij^A 

C1l>L<»Ijca] lg ‘ic. (jlx-dl . ( Vj2 ) 1 (JjaVi (jc- 1 oL^J^M 

xio 6 J (81.77 Gpa) ^ =11.86 x 10 6 psi ^ jy*U^1 ^2-^ 

:2j^l^j.(9.17GPa) E 2 = 1.33 
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2.99 


(2.55) 



aJjIaia SaIaII o-° ^ Aaj3 Cy* -\)* j a^. (s^^) 

<F^- (2.56) 


12 


AajjlaII l u*i. W ^ C(Jj£xa ^5^) ]/|2 — 1.97 (jli cc^ib] IaSjj • 1 ^ Via 

> s # 

ciAj.)->» a 11 (j^ Iaac- Ia^a ( j/ < 1 / 2 ) ^_^.L±a11 aLLa!1a aI^aII 

<jl (_£»^ c(2-48) aJaLxaII ^1 c^jjxaII Ja^Ao <jA <jA A_isl£ 1 g.'ic. ^jIxaII 

^jiu-all jl) (converse) "^Laj^xaI 1" jjjaIjj a-laj Cijl£ .biJS j!&l jjfL 
aJaIxaII ajjoi£jl]I djls^lxll (j^Vi a Aj^ll o^a j t0.22 ajjIjaa \.q\c- ^LlaII v^j (ininor 

.(2-50) 


lAAi*i c^JakAll lAA ^3 &A^)1 A^jaIIj oALaI] Aja11a]I ^j-ajb-sa^Jl Cl±jl£ bj 

(J^'qVn bj IaI .SaLaII aAA A-IaiaI^ ^Jax^o"i A^J (Jfb LaA3 ^^jaaj (jl ^jJau^’i 

! 1 Ag jK) jl A-ru^^all CjIjJoxa'Ij jl oaIaII ^j^Aij La] c^Laj (jb ^1\ (j£ bis ttillj 


(J \\ "\\W (JjLaa <jj ‘ ^ '■“■ Vlg . l l Clul j!lll t^lc. A jJaII ^a.w'ub J 1 x>ljl (j^AJ 
(J^b. eAc- I^jaI A j\j>>ilij aJaIxa (j^*A *^bl t (JUIaII ‘A-iisuai]! ^jaAa^JI 

^ c^UIaaJI tillj (_jAjJa_LJ . A-AjJalibi aJaUaII ^ O^LaIxaII Aju*nll ^jaII ^^Ic- AaIju 

,)Vn*\ Ajj^aII CajI jj AjjaI] »Aj j^aII Clul jj La ^ja^. Jlxijl <jc. AbbjjS ^Laa 

* 

. J^liladl] (Jjlill 4 |\.>.U"|'I 'UjLscaII ^1 ^9 ^ (jl 


4.2 JiLujAi A£- 

\Zxki 4 I ^*11 lI^I 0^ (2.48) ^ jj)*-*]! (4-t^'^)iia) ^jU^j ^4c. 1 .4 .2 

. ^ ~.l 1 >a ' ' 41lLaia 4 ^all (J^l ^ya |/ <C 1 / 2 ^ J^. (J^'-4 


.(2.48) yjUAI ^ j)AI Wl >« i> (2.52) 4ijUAI JLil 2 .4 .2 


.(2.48) ^jUAI o- (2.52) AJjUAI ^ 3 .4 .2 
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.(2.52) o- (2.53) JLSI 4 .4 .2 


. V 11 ^^ic. A3j_j*-a ^liall <LLoLo jI^aII J*J jj-o (2.54) aJ^IxaII jl (jjj 5 .4 *2 


^aLLaI) 4-ljMj SjU jI^a^U JUijt— jI^aVI §.2 

Aaliij jl 7 — 2 (J^dl La£ 2 — 1 (^jojaaII ^a SljkA Aalaj (J^l Cy* 

y 

iaLja ! jj (^ jliJudAll jI^_^.V1 aJL^. cl - 2 ^a L£ t a 

<r 3 = 0 t 23 = 0 t" 3 i = 0 (2.57) 

: j^fLj 1 c^a j 

(Tj ^ 0 <r 2 ^ 0 z X2 & 0 (2.58) 


-(2.18) Cj^UHI J SIL.1B jU,V! a 2££ JLiil-i^' cA&lc, J 

jl ^UaII jl (JjaII AjjI^I jl ^^lidl aJjLaIa cl^-dl (J^.1 (j-° (2.22) 

^Ic- ^jIijoiaII jI^-^VI aIL^. (jl L^V .^lidl aIjLaIa jl LiiLcajc- ^-^.LiaII ‘LIjLaIa 


(JjU j l oa ^a (Jj c^Axall ^al ^]1 ^ic- A-iIIiIaI] ^.lajJaj j^)^-a c* ujjj! Aala^j 

J J .I_£JjOjAA J L_iLJl djli AilSj IgJ (JaxILuC (jl C > )>J jll A jqft'l 


tL-fllJVl ol^jl Ice- ftl^jl J J A-Jlc. (JaWi (jl Aili Jl ^jLIijjj V t^A^l AjI^j 

IajI ^ ~33tj IcAj ? 0” 3 cJHa A_i*_uL jJC. Cjljl^J Jj Lg-Cajxj ^C-l dl ^A Ia (did 
Ia ^a (_^jjjaa 11 ^a djld^^Vl (JaVi (jV cLiia (_^jjjaa 11 ^a lcl_g_d Aaliij]! (JjaVi ^ajal 

(unidirectinal Ij jj^a sl^Ldl aSISjJI .^jJjJ J£2ij aJc. jcsj 


filaj 1 Jc- ^ j^c- (j jIaa J i*aJ Ja^. J "s^Laa" Jl reinforced lamina) 

^^3 l^_al_i]l (j^£j (_£ jiJ (Ajjl ^a) Clilada aLJ jj l.g \)aIj j^AJ S^C-LuiaII o^A (j^J 1 1^121 


. jl^^Vl ol^jl (JA^j 


Jc. cJj-aall Iaa J l_uil ;C)lataj djli a jqL Jj ^tl^j 1 ^£aj 

^3 Cl ^jll A-ijU-olVl ^jj-saLlxll (Jc. A-Ax C ill aLaVI (jAjJaj .AilfljSI (j^ajl 


.^dl . . . Ig a! xai'nI j Cljl^)jllall A -s.wl J OljUJl ^La ^.1 ^ 1^1 ^ 1 *ixa 6 (^jJjaa 
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(^1 j Ljj ^4 i\jiA Ailij : 7 _ 2 


4_llAjJa CS)^\jl^j\ ^gij A_lj^lj ^1 ^a!1 

<_£ jOx*la1I — J ^- 

s 3 =S u cT l +S 23 cr 2 y 23 = 0 y 3 \ ~ 0 (2-59) 


C=-*3=-*3L C = _^ = _^ (2.60) 

13 17 17 Aj> J7 J7 v 7 

^1 ^3 ^2 ^3 


: JJ (2.20) ^ ^j-JUiiVI CjI£^ JjSi2 Jo i J^c. 


"*1~ 


~S U 

$12 

0 " 



^2 

= 

Sn 

^22 

0 

^2 

(2.61) 

JV 


0 

0 

V 

7 vi _ 



^n ~ „ ^ 12 — ' 

E, 


Vll _ V 21 


j _ 


(2.59) Alilst-ail IgJ 
1 

gT 


> 22 =— ^66 =— ( 2 - 62 ) 


'12 
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v 2 3 j ^13 uj^ *>j ^ (2. 59) ^k £ 3 lW ^jl -laa*V 

V 23 J (ji IL^j -(2.62) ^ 4 jm.Vig.'l ciijljiill Jl <aLjaVL 

.(2.59) 4tal*-JI J 5 23 j S l3 (j& jWij 

dilSvlc. Jc. J (2.61) aJ^Ix-oII J jl^j— JlxijVl c_ila J-aj 


"12 


011 012 ^ 

012 022 0 

0 0 q 66 


/l2 


(2.63) 


^ jilioiA jl^^l <1L^. ^J^l o-° Y^<all ac-Lud^JI ciL^LaL-a jujj La Q ij 0* 

J <C.jlL-all ■kkj'UsiA L_JjlLaI CllL£^a£ (1) La] 1 g,nj 3 M j3l 2 — 1 (_£jLui-all J 

^Jc- CT 3 = 0 ^iilaj 4 3 -u.J^j 6 ^)jujlxa (J„ II (j-a ^ 2 ) jl (2.61) 4_LLt-all 

■J*- 0jLill -liiudjjj £ 3 a£ 1 c. Jc. jl^hj — JlxijVI CjI£*c. 

0 „ C, -Li£ii i,j=l, 2,6 (2.64) 

^j-a <UUaJjoil — ^jl Jj J .12*. jJ V AjV t Jj-^all <_£ jLujJ (LJ ^-Lxi-a-all (jl 

^llall 4 _i£>Ij 4213JI J^l (j-aj .A-IjoiAjJI o^LJI CjLjIjJ ^llall 4 _i£>Ij 

. Qy —*' 


0 „ = 

012 = 

0,1 = 


'22 


5„5 22 -5 
5 


022 — 


<5,1 


e c _ c 2 

,J 11‘ J 22 J 12 


'12 


s.l^-s 

E, 


066 ~ r. 


(2.65) 


'66 


I A. Ua.Vig II Clljl jilll djl_^_l]ax-a-a ^al.) •VuaL j! 


l-v 12 v 21 


022 = El 


1 ~W21 


ft _ V \2^2 

^12 


^21^1 


1 - ^12^21 1 " ^12^21 


066 = G 12 


( 2 . 66 ) 
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^9 Cj p j Vp J E 1 J o jLal] 4 liHuia 4^1 JajfcV 

(2.66) j (2.62) (jiiljl*-*]! jliic.V^ 2=Jj La^jc. (2.63)j (2.61) (jiiljU-all 

:4 n , 6» 11 AiDUll JJ <9 U=>VIj 

(2.67) 


^12 _ V 21 


i?i E 2 

(Jj\Vi 1 S^c-lall “(Jl — jA^a-VI dAs^lc- ^jj 

CIAJlAjlII o^3 ^^3 (_£ j3 aJ^Lo Aili^) 

■ A A ~^\k>.s-i\\ (Jj\ Vi ^3 1 g, iC. ^1_1 *JjujV^ <_j^aj V 

— (JlxijV^ dils^lc* (j aLUIa j! ^a! 1 cs^ l£J" L uia ^ o -0 

: 


"g ~ 


"5„ 

<5,2 

0 

"^i" 


^2 

= 

S,2 

5„ 

0 

^2 

(2.68) 

Tl2_ 


0 

0 

2(5„ -5 U )_ 

_ r i2_ 



5,1=- 


5, a = - 


: 4A UJ^J LS^' 
(2.69) 


12 . 


fill 

012 

0 


011 = 


0,2 = 


vE 


012 0 
0,1 0 
0 QJ 

066 =' 


; (JLxijl — ^ ^ I Cjls^ic. (jj£jj 

£■, 


y 12 . 


(2.70) 


-=G (2.71) 


l-v z 1 — v // ~ uu 2(1 + v) 

, > 

djls^ylxll (JA Loj J^lVu*)1 (ji (j^AJ AilLo) ^-^.LIaII ALLaIA CljliLylx]l (jj 

^Jc. lg_J li'x^^k AijjUl (jJiiL jl Cj J E 2 ^-5] E j A.1 jIxaJ ^.^.I.iaSI 

.^Ua3I aj£^ CiUDU! 

ol j^aII aJI^^) 11 ^3 Ai^j-aA]lj <. i gfiri ^gjlj j-iill A 1 Vi^a*! 

£a ^jIiuiaII — A-^.^)lV]l ^js-xxa JaJ^j A jqj^ ^lliliujl (JA \j_j^^-a 

^ja l_Jx^a 1I ^))"ia il *^12-9 ^12-5 ^2 -5 -^1 (_£ jPjuaa]1~^jaj>^» 


143 


V jl .8-2 ojLaII cijljjl^.j ^ sl^Lall 

^ \x.) l^lAj t l qIjIVI ^yc. AJL^jall (jljail^J o^Lui^Jl ^^LoLx-o E 2 — E 2 lJ' 

oljLall Ail3^)ll ^3 2 oL^J^M (jl^ Ia£ tLaLoj (^x\ju £j\ 3 <_j^aj t^lc- Ail 

_jJaj]l q * aiu (IjIIj .^U l_Ux 21 = Vj2 V^j = V^i 

s / 

— L_fll_i]^l cAijUaiLo A^jlill (jLs c T"j 3 (JjlLa ^] 

• Gjo = Gj2 ^j ‘ (3.^^ (j^aSI Jj AjjouIIj lgJ.ll — ^lalUll c > ))xii) 

cljjl^jaic. 8-2 ^3 i»,^a\1 3 - 2 (_^ ^-ujaaII t iLilSM u^ -j^ 

L-iUlVI «lC.\jJ ^aLlajjl £-0 ^.l^JOl Ail ^.ixj 1,1A^ . A_^JL»<a ^ilJJ *> Cljl-^1 n UjjVI (_ja3j 

(j-a (J3a >t Ua c3 - 2 (^jJjulaII ^^3 L <aljl^U ^^jIjjoiC. *8“ 2 ^^3 ^)AUali 

dj^Lolx-o ja-^ Cj$ ^ ^ ls^" 2 - 2 (_^jojoui11 ^lj ^iaill (_j^aa!I 

£" 20 ^ E Y <«— fi^J^.1 ^j-ajj-£xkj 1 ^.lAJ L 0 .IJC. . Lg-ui^j ^jOjolaII E a* LoJI 

Ajy$\ ^ LjLja^C. ^IIaII aJjIaia SiLa <3l3^)ll ^jl L-Sjjju lijli t2 - 1 (_£ jOjoiaII 
.^UaII a_i£>\j aJIs^I ^g-Ax^j Lijli <2-1 ^jIulaII ^Ic. Jaas La-iIc- (j^ij .Aj^^jII 

AAiiia djli^^llkl 0ilj a j'ac. Lk 3 oI-^jVI aJIs^)!! ^ajS ^aJ lij 


^_1xa]I (3^_5 Ajj^Ij SjIaII c fljp-u ^ 4 3^5 2 ijy ^)-ajlj-a^JI ^3 

.jUuVl JiX 



Tf2 ^ Qt2 t-|3 ^ G^j 


(ja)j oUjU) L SI JLi jjjLj jji!! jiaUlSI :8 — 2 JS^JI 
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ri&l tiilj All ! jl JUij) - 6.2 

(j-a SjLaU A_iud^]l dildl^yi djVlxij VI j diljl^^yi dja^c. 5.2 S^)£i3! 

^jUajj V ^llJI a_i£Aj A_ll_^d CjIaL^jVI (j£S .^Udl a_i£}Ij SjLq 

^J] 4,u*ii11j IujjYiA A ja>.j iJ-a UJ^ dAdl-ld^M CjIaL^jI £-g ^jLi^VI A_dlc. 

SljLdl AjjjIJ Adi jiajujV I A_x9jdl A_d (Jlldl .aJIx*la!1 

Jj A ud'lj A_i*_iddl d ilj'il JLSkV I (jj^J Ua .9-2 J^dll Lg£ 4 Id jjk. Ai^iLJl 

A_u*d^)]l ojLaII d A jil jL 2 kj 1 a *1 j \ tx 9 y 9 z Ajt3jill djldldJ A_x9jdl aJLuia 

* 

$ cos(y \y ) = cos a a£1*_L lA^\\ - ^Jlidl ajjIj iddj .x' 9 y r 9 z f 
^ jpVi ^lill t> “ S^AxIg ^jlij^a (_£^)dl A_ILgI ^j-GjJaJJj ,Z ' = z tSlLSj 

djljl^_^.yi (jJJ Ai^lc. A^U. dljA tl^A j .A^ii^G djl^d . jj d_ll j A_aiid-G 

Jj lx>ijl AA.U. dliA t<dli ^xj djldl.laJ <dfcj A.Jj>jjjj^B S^ldl d ilj'il .IsJ 

^aUd ^jJX-G d )\ )\\ .1^1 ^alid ^j-G (Jlxdl - jl^-d^l djlii^lc. (J^l (j-G Ad^)ia 

. ^)dl djldl.1^.1 



Id jjd AijiLa Lildb Sljla AjjjI J Adi jlxuil Ajl2 ijS Adj :9~ 2 Jddl 


(Jjj)Vill diV -ilx-G ^jujLujVI jl ^dl dd!5)x> ^j-o £_^.^)dd tA_L^.^)dl o^A ^3 


:2~1 d ilj'il jL>k.j ^Ud diljl^^VI J-iddL x-y dildld^.1 ^aUd dj|jl_g_^yi (jc. 
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(2.72) 


<*x 


cos 2 9 

sin 2 0 

-2 sin 9 cos 9 

(J ^ 

(T . 

= 

sin 2 9 

cos 2 0 

2 sin 9 cos 9 

CT 2 

V 


sin 9 cos 9 

-sin 9 cos 0 

cos 2 9 -sin 2 9 

_ r i2. 


.(10 _ 2 Jiuill 1 Jj X (j-o Ajjl^ll ^A Q C n^k 

^A (Jj 40 ^La 11 ^j^ajU^VN ^3 la^Uaj V (JjjVill ^jl 4_^.j 

.<-<luA_^. 4_iaa1 <k1 oUJ (jl c*\VS^ Aa *\V . ClllAL^jV 


I ^^A (JLxijV 1 CllV ^l*-o (j <^ jLola 






~ 



cos 2 9 

sin 2 9 

-2 sin 9 cos 9 



= 

sin 2 9 

cos 2 9 

2 sin 9 cos 9 

^2 

7xy 


sin 9 cos 9 

-sin 9 cos 9 

cos 2 9- sin 2 9 

Yn 

_ 2 _ 




_ 2 _ 


(2.73) 


y 



X— y ^4 IjfcUajj A,u u\ 1 jfl SjL *11 jjL^-a] l_l^ ja : 10 — 2 JluJI 


(Ja*ILa 1 111 dll I A x )]'] ^All Jjjpdl! (_y & j Jja j (Jj Vn dlVlxAjVl (ji Ja^^Lj i** n^. 
. ^ (jdlll C5^ ^ (_J-aall (Jlxijl ^Jxa)V ^ al^-o 1 ^A Jj (_^}-aa]l JlxAj^ ^jj^aII 

5! - > 

I^gJj LaS SjIc. i_ii£j 
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(2.74) 


1 

i 

1 

CT V 

II 

1 

1 

1 


cr, 


cr. 


12 . 



- 

£ x 


E y 

ii 

r xy 


1 

(N 
i 

_ 


y 12 


(2.75) 


: j ; 1 — 1 j\» 11 >>“ n^. 

cos 2 0 sin 2 9 2 sin# cos 6* 

[T ] = sin 2 6 cos 2 6 -2sin#cos# (2.76) 
-sin 0 cos 0 sin 9 cos 6 cos 2 9 - sin 2 9 

!4^iu*nll Lut-Jaj lil 

"1 0 O' 

[R]= 0 1 0 (2.77) 

0 0 2 

jI^jCia ^al laJiml ^j£aj Ia^IxB 4 [4 2 ] (Rcntd*) jJJj j Lluia (JIajCiaiVI £j—3^a 


/l2 


= [2?] 


7 


xy 


=[*] 


e, 

s 2 

Yn 
. 2 

£ * 

£ y 


(2.78) 


(2.79) 


(jA 

jjAjiill cl] j; 4-ijl^Aj ^9 Jjjjj CljTlj ^aCj (JIa^. ._ja£Ljj . (JLxijl - 
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Aj aI*A1 CjIs^IxAI JLaxjjujI >»_ iK'i Iv^aj t aA a >jV^j . cialijqx^A^ ^x^'v^aII 

^)jj-»xxAi L gl'i^ a ^^3 2 J 2/1 £ Aaj!)Ia] 1 ^)JC.j Aj*_x-£all l^-Lol^C- £a Kz. jIA^aII j c^La^AI 

.SAaC-V^ j 


(specially orthotropic lamina) aI^UJ ^UJI a J£)u Ail Sj U 

^)jL^-a £a l^-iS Aj-ujjj^jil SaIaII ^jjL^-a A^lj Jts ^^3 L qAix^'i ^_^. 1 _±a ]1 AjjAAj Asls^) 




CT 1 


Qn 

Qn 

0 ' 

"*1 


= 

^2 

= 

Qll 

Q 22 

0 

^2 



_ r i2_ 


0 

0 

066 _ 

_^12 


! Ajjt_i±^]l ^ i n -v \ l 


( 2 . 80 ) 


ClAs^hz. q^^Z> ^aJ A3 j .7“ 2 J^ll ^^g-3 AjjaJJ^)]! SaLxAI ^)jL^_a ^2aj (.“ n^. 

Jl Jl 

ASU j] AjjaJJ^}]1 SaUI ClllAL^jl ^a. W‘u*)'i IaAAc- ) 3-> 1 (_5^J <5.2 ^ AvIaH ^^3 oAA (JlxAj^M 

.CjIjj 1 a^I£ ^IAaJI Ajj^Ij 

\ * > 

AAj^Lij A_nllc. ^ ^UaII AjjAAj ClAali^)]! — ILLa ^£a La£ “ 

jluSJ VI 4-l^Jj .^ajoi^l] A J», nAlll CIAjjIa^VI £-A A_1aJJ^)1I SaIaII C." )\, )\\ A^J l^_i3 (J^jUaJJ V 
Jaj tilli ^ja V.^ Ajj ‘^IAaII Ajj^Ij a*j 1 oaIaII J ^Aaj aaI ^Iz. Iaa 

C* ilj'il A^J ^aUaj (3^J < A j»j) 3-a Aaj^IaJ ^^^AIaII A_i£)Ij SaIa J] ^)liij tljl LS^ 

Jly*jJl UJ-^2 IaAjc. j .SaIaI] A-Iujjj^)]! CjIjjIa^VI ^aUaj Jj A^xaAIIj Ia Ajjl_jj A^. jjj 
La 3 t A jxri n^)li SaIaII d il.nl A^J JlxAjl — Alg_^VI ^alxj lj£ IAj lliA 

?x-y oi^iA^yi ^ ji*iji -Ai^yi 


( 2 . 74 ) (JjIiIaIxaII oA^l^ll (JLxijVlj Al_g_^VI ^a, w'ud dilA ^^Ac-j 

^Ac. ( 2 . 80 ) aIaIxaAI ^1 x*o*vn 1 axjj <( 2 . 77 ) aAaLxaII Aij^x^A ^a (2.75)j 


"o-l" 


"^1" 

^2 

=[e] 

^2 

_ r i 2 _ 


r l2 _ 


( 2 . 81 ) 
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°x 

CT v 

= [*T 

<?1 

°~2 

-[rrii0][*][rpr 

4 

£ y 

Jxy _ 


Jl2. 


r xy _ 


(2.82) 


J\ T UxJ! *5=3111 [T y T d^ 4-Ifc 3 u^> [i? ][^ ][R ]~' u^j 

: j l ^a. Vl ljLutlu.1 111 Ik-iic. j (transpose) dj^> 

m^mr ^ ) 

• x-y jiiijl^'21 ^ ciiliilc. oj^ 

~Qu Qn Qu, 

Qu 022 026 ( 2 - 84 ) 

016 026 066 


° x 

CT V 

=[e] 


= 

_V 


r*y_ 




£ 


X 


£ 


y 


1 

i 


: 44 Uj4 

01 ! =0n cos 4 <9 + 2(0 12 + 20 66 )sin 2 6* cos 2 9+Q 22 sin 4 9 
0i2 = (0i i + 022 - 4066 ) sin 2 6* cos 2 6* + £> 12 (sin 4 6* + cos 4 9) 

Qu = 0ii sin 4 0 + 2 (0i2 + 20 66 ) sin 2 9 cos 2 # + <? 22 cos 4 9 (2.85) 

0i6 = (0i i -0i2 - 20 66 ) sin 9 cos 3 9 + (Q l2 - Q 22 + 2QJ sin 3 £ cos £ 
026 = (0ii -0i2 - 20 66 ) sin 3 9cos9 + (Q n -Q 22 +2QJsin9cos 3 9 
066 = (011 +022 -2012 -2066 ) sin 2 6* COS 2 £ + 066 (sin 4 9 + cos 4 9) 


ac-Lud^Jl (J-oLxIij \3n\ Q.j SI ■kkjki.siA l3J^ Ja^JI 3' n^. 

• Q- aSjilJI oc-Lud^JI jua <S^^-aSI 


^3 Qij ^ -Sj^^Si Ai^Jr^xili Sc-Lui^JI Ai^ix-a-o 

•Q-j A-! OC-Lal^Jl ^^3 ^j\ J AIL^. ^Ic. AjlxxllS' 1 g X.M ^-Q 

Ajj^/Ij CllSl^} Lg AsliJ^ll ;JaS3 4 Vvu^ AjjLg CIijIjj Aju^) 1 c^SljA V (_J^S J 


tilLiA (.x-y ^xjj^SI ^-a aJL^JI ^^3j 

. a!\ lau J (jS^)3j ^ *iat i t A CIjV l.» ViVl^ dll j i A ^JoLlSi 

aJjLqIa ^jjc. l^jl£ j-liS ^^-^-LIaSI A_i£}Ij A3l3^)ll ^ Ajl l^Aj 
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A_i£Aj j! ^u'ii A3li^)ll oIa (Jj-q q\ ^Jj l^)iiij 4 J 

> 

(generally a^Ix. ^lioll a2£Ij Ail ij Igili cAu<ij]l SjUII 

^ Sjjl jll JUijl - i*V)M cjI&Ix aLJ jj l g \jVi ^ orthotropic lamina) 

l y ^.liall ajj^Ij Aili J ^^a AaIxJ! ^^_^.11a11 ajj^Ij Aili^l dij .(2.84) aIjIxaII 


. A jxj ^ll lg_i3 AdxuJJ^)]! o jLaII 


jjc. cAili jSU AjjILq aIoI*JI Ajl£)Ij ciAili^l] Aial^Jl © SjIaII uj 

. lujj^j AaUII Ajxylj Cjlalajll ciila^-al^A <jl ^a ^^.11a]I IJjLaIa 

Aili jll jx juAili j^aj V U.Viai c A_1 xjjjjj3I SjLaII jjL^-g j J] Allij 11] c j^lj 
All jj ^jJaLiuij y lijl ^ja J 11a j .^UaII IJjLaIa jiC. aSISjII j AaIxJI ^llall Ajj^Ij 
(JxAi Aibjlaj ASIS jll oIa Aj^. jj jl ^-ilalixidj l, n51 tAiliijI] A^j^^Ia]! ^-^.LIaII A_i£Aj Alx-all 

.A^j-all oIa ^Ac. < fl^)*lill I L_i*j-all ja 

AlajalijJ CliVljtijVI jC> Ji*j jl j£lll L-klLuj c>lj^.VI jC- Uxi'l 

^ (Jlxijl - jl_g_^.VI CjISAc. L-lIs ^lj Ia] jjjia jC- ^joi^JI CjUjl.1^] ^ CjljL^.yi 

S^LaII a^jujjj^II ^Ig^l — JUijVI eisli^ylc. (2) jl <2.84) aI^IxaII 

ciAjjI J 12 J i (2.61) aJjIxaII jA 


"*l" 


"*^11 

<S U 

0 " 

_ ^l" 


^2 

= 

S a 

^22 

0 

0- 2 

(2.86) 

_/l2_ 


0 

0 

^66_ 

_ r i2_ 



tjjjjj Ai jkx^Aj (2.75) j (2.74) jjjl^lxAll jlLijj tAijUll ajj11a]I jll^j 


:J* J <2.77) aLUaII ^ 






~s n 

S a 

Si/ 



= [rns][r] 


= 

S a 

S 22 

^26 


Yxy _ 


^xy 


S 16 

^26 

^66 

Jxy_ 


: j [r f js [/? ][r ]"‘ [/? ] _1 J Vj ^ 
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S n = S u cos 4 0 + (2 S n + S 66 ) sin 2 0 cos 2 0 + S 22 sin 4 0 

S n = S l2 (sin 4 0 + cos 4 0) + (S u +S 22 -S 66 ) sin 2 0 cos 2 0 

S 22 =S n sin 4 0 + (2S u + S 66 )sin 2 0cos 2 0 + S 22 cos 4 0 (2.88) 

S l6 = (2S n -2 S l2 -,S 66 )sin<9cos 3 0 + (2S 22 -2 S l2 +S 66 ) sin J ^cos# 
,S 26 =(25' 11 -2S' 12 -5' 66 )sin 3 6* cos 6 + (2,S 22 -25’ l2 +5^) sin 6* cos 3 9 
S 66 = 2(2 S n +2S 22 -4S 12 -S 66 ) sin 2 0 cos 2 0 + S 66 (sin 4 6 + cos 4 0) 

•(2.62) aJjIxaSI a Cul j!lll a 5L SI <ji 

^ 5 26 j S 16 Jj*jj (2.84) g 26 J g 16 'jiii 


^)j£l AlalxJI ^LlJ A_i£}Ij Cljl3li^)ll La <_jAjJajj ^lill (JjLoiaSI (3^. (jli c(2.87) 

^jl ^ IxJ ILfcj .Aj-aL^JI ^ LlaSI Ajj ^ Ij djlflla^ll ^C- Sj Laj aUxIIaII ( JjLjia]I 

(jjj ^jjli c^lliA t^)-aVI £^lj C5^J • AjSjt/IiSl (JjLuia]I (2^- .vi*J aJILi (jl_js] 


*LSjLaLa jjc. Cjlala^L aUxIiaSI tills j AlalxSI ^UaSI a_i£Aj djlala^SL aH*i±a]I Jjl^JI 
La£ 4 ^ j 1 iuia 1 I jl^yi diVl^ ^ (_5^l (JLtijl - dillDlc. dil i ^UaSI 




"<*i" 


fill 

012 

016 

"*! " 


^2 

= 

012 

022 

026 

£ 2 

(2.89) 

_ r ! 2 _ 


_0i6 

016 

066 _ 

Yn_ 



I ^L La^ L_J^iLaSI J^all ^9 ^1 


"*i " 


Xl 

*12 

<Sl6 _ 

_ ^l" 


^2 

= 

*12 

^22 

*26 

^2 

(2.90) 

_/l2_ 


*,6 

^26 

$66 _ 

_ f 12_ 



lAua.V^.ll Clljljall AJV^J ^llall aJjLua jjC. Ax. jU-iaSI Cl3^Lal*-a (jj£j Liu 


S n = 


1 


S 22 = 


1 


^66 = 


Vl 2 , 1 _ 71,12 


' 1 2 


5 


1 2 


'12 


21 


^i e 2 



'26 


V \ 2,2 _ 7 2 ,12 



(2.91) 
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fjjLi oAiiaJI CJl Jill s^A .oAliaJI dljlj^ll (jdaxj JLutiul <jl Jai.^ 

Jja q* (coefficients of mutual influence) aJjLq]I jfc&\ ulo'ju 

L£ ^Jjx j j [5-2] (Lekhnitskii) 


4 ^ 1 e l_a_o/ 1 ^_9 Axlll - i^ajj 4 J jV 1 — 1J. .. 

(j j^jiuLall (j-aall dlg-a.1 

£; 


Vi# 


Y« 


(2.92) 


. ^y\k^k ii ^ j i v__ii uv gi^k j i ^ £ . . — i, 

1J ^£^_Luaa 11 ^9 t <lks-i i j ^^ill (_ja ^Lldll ^jjllill (J-qIxa = Jj . 

1 oUjVI ^9 A , Tujjj 


V*A 


YjL 

£. 


(2.93) 


. ^ jLij o" 7 — O' cJ^I (j-Q 

<Jajoil u *^j JUiill jplsll cil^LqIxa (Lekhnitskii) ^5Um-vjl d *jc- 

j> 

jjtil! CIj^IaIxa] ClliLaC-i ^lil! A_iAjuii]l <_j£j ^al j . ^U-li ^jjA^lll t^y&C- ^Ac- 4 jldi CljlidV 
. Jiliill jjUII CldUlxA j Uaj <jSaj (j jd jj c > Uai'i JjV tljjiS <ia^A Jiliill 

y s 5= 

ddUlxA TJ ■ -j J TJy ■ 11 is^’^ il) k_±udjVl (jlS ttilli ^ja V d j 

.yUaluil-Jj^aSSI 


tdjdiidjj dj^UlxA C_SJ^)jLil ^idlll AJjIaIa 4_jj^)A ^a, W'dl'l 

J>flill CjVU^I j Jj-aSlI dli^J J] dddL JIoj ^31 (Chentsov coefficients) 

.A-ldalill dlVtxiiVI J A-IaUI-III djLl^J Jj A Ujj'i'Ij L—Ludj l^t'W'l ^ill 4_1^1 a1I 

^lill (_£ jOjaaII — <_ja jJa til ^L-ull ^^9 V i — fl jdVndi O^LaLxa (j£lj 

.(2.18) ALIxaII ^ *^45 5*^46 5*^56 -t dLyLolxAll ojiA (jV C^jiLudA 

US t Ujj.iVnd'i diUlxA 
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yjC- ^^.121 kl ^3 JlxSjl l Q ■ L_fljjuiiiluLj (J-aljL^ — jU f j y , 

- j* ; IjAj 4 1J ^3 


Mij,ki ~ 


YkL 

Yu 


(2.94) 


- y^. ^jLujj £ia^j t j — T cIh 1 

:<a^£sJI cA^Ull (Chentsov coefficient) — i s >.:\\y::\ ciLsUi 


Mki„ 


M, 


ij ,ki 


G, 


G, 


(2.95) 


kl ~ ij 

C12)\aIxa ^ qjla ^11 *■ — a jdVnd'i CIj^LaLxa C5^ l_3^J l_±ui11a]1 <_ja AjI 

•o-^ 3 — (J-^ u' J*j 

<_jX A_A^.Lill ^_^.L±a]1 <^Ia1a ^)JX Aila^)l ^£jOjaa]1 

!<_£ jOjaaII - ^)AjJa A_iAialj djlil_g_^lj (j-a3 jLg^.1 
Vl^l + ^2, 13^2 + /^12,13^"l2 


/l3=- 


^23 


+ ^2, 23^2 + /^12,23^"] 


12 


(2.96) 


' 23 


— C1l>IaIaaj — jl jaj C12 >IaIxa <_ja (J£ l^_iS C5^ 

^UaH Ajj^Ij SjIaII ^3 (.** th'i V aiA ^ja-n Ja^.V . AjjIIia aJIItuJ 

tilt (Jja ^ 9 j .SjIaII A-iioUJ^)]! CjUjli^Vi (jc- A ql'r^A J^9 j d v)g 7J lij V] 

AJUaJjujl — C12 Aa1_xaj ^)-a3 — ^j-saall C12 )IaIaa ^Ix .CjVlaJ I 

.A-ojlill o^ill ^9 UI^ja ^lill AJL^jJallj aJj*\ a\1 Ax jI)*ia11 CIi^aLxa ^ja 
£a (2.88) aJ^L*-a!I ^9 aJj^aII ^_^.1_1a11 ajj!)1j ax jII^aII cIl^LgIaa ^j_jl3 
.(2.91) aIjIxaII ^3 A-iaAI^JI CIijIjjII aJVAj ^UaII aJjLaIa ^jjX Ax. _jl.li a H CjXqU-a 

Jl 

Ajj^Ij A3l3^j Ag.Vi IaAjX ^cjuj ^_jAUall AlllauJ — (_j-a9 (JaLxa (jl ^ja 

.SaIaII Aajax^) jjX d A jjI JLa.) ^3 j ^UaII 

SjIaII cy j x 1 **k u^'il (2.90) aJjIxaII ^^9 2j 1 AxAdj jxl 

l^yajC- ttilli Axj .oJLaII Ajjajjj CjIaL^jI — — ^W'^aI V aJjLaIa ^)JX 

Ax jUaAll C1 l^-aL*a ^a (2.88) aJ^IaaII ^9 (2.91) aJ^IaaII ^ja 1 g.'nAAAi'i jIxaII S ij ^ 
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(j -0 Aj^AUall A^JLi^JI d_ljljj]l QJ& .(2.62) aJ^IxaII ^UaII Ajj^Ij 

* 

:x-y (jilixjjjjj ^jjc. c3^j ^^-^AIaII a_i£Aj 


1 1 4. 

— = — cos 9 + 
E. E , 


v = E 

xy x 


— !— = — sin 4 9 + 
E y E x 


1 2v, 


12 


G a E x 


sin 2 9 cos^ 9 + — sin 4 6* 

E. 


— (sin 4 6* + cos 4 6 1 ) - 

~ l i i 

sin 2 9 cos 2 9 

L £ i 

E\ E 2 G n 



1 2k 


12 


1 


xy 


= 2 


'12 


4k 




sin 2 9 cos 2 6* + — cos 4 9 
E , 


(2.97) 


12 


.E) 7? 2 -E) G 12 


1 


sin‘ 6* cos‘ 6* + (sin 6* + cos 9) 

G, 


' 12 


n =E 

f xy ,x x 

77 =E 

• xy ,y y 


\ 2 , 2v n 

1 

sin 9 cos 3 9- 

2 + 2 ^12 

1 

sin 3 9 cos 9 

1 

1 

J*a 

J*a 

g 12 J 


_E 2 E x 

gJ 


2 , 2 n2 

i 

sin 3 9 cos 9- 

2 , 2^12 

1 

sin 9 cos 3 9 

1 

1 

_t*a 

g 12 _ 

_E 2 E x 

G a _ 


iili dlV^A^. <jl aJD^'uJ — (JaIxa ^ a! 1 l.Sx, ‘iV 1 ^_jaSj 

AjS^aII ^ jaII Jj AjjouILj (S^IaI] jjc. fiUjI ^j) 

^-^jJa^All l^A ^.x^Vu*i i <. Aj^jj)*\ a!1 aJIIi* uuVl AildaVl-J i^y a3 Aj^dd 

(jc. (2.97) A_bl*-<J! <jl .2.8 ^JaLJI ^ j^ac.! JSdj 

^3 dd^jj A jqjSll d jUa^^Lall ^jc. j .idll dA jl n^V a^lc-i A_iSj ^LaaII ^jA£aj^\ 

.2.1 s >11 

^3j d^l ^IjaJI Ajj^Aj Aila^)] AjjAUall ^^_^.L±a]1 <LL1_a1a ^)JC. d2A-AlxAli <jl 

^ja £cdal j jA US 6 0 jdu £-a ^)duj Aj**mjll a jIaII dl^ldl Jj A , u*n'lj 0 Ajjl^j 


t dj^A-olxAll dilj ^)jju A jqjS ^jc. C5^ (J^l (jAJ .(2.97) AJ^IxaII 

Ijllliail — ^JA AjS^)a SjIaI A_l^.j^Aj ^ad3 (JAaJ 1 1 2 (JSjaII ^9 ^aJ 

^ja AjS^ja SjIaI ^ad 3 Jju‘l 12-2 (jSdll ^9 ^aJ cA^Laa A^j^laJj .( 2 . 97 ) aJjIslaII 
jSj 'GjjJc G j E 2LS \c- E x <**& Cuj tjjiLiJI !A£ -OJJJ7 
c£LsU21l ajJIc. jjj 4jja.il. SjjlLaj ^Uuod] (nonnalization) SjjUdl oi& ciuj=J 
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Aic- ^ a*Lj^ Cj X y £ Ajj Ail 3^i *\V . J£a 13I ^j-ajJa 

Aic- A_aj 3 £^la]L 7^ ^ aJUVuJ “ (_j-£a3 (J-alx_A <_£ jL-uJj . Q — 45°4jJ^3^ 

LI j^ll (ja v ^ — j ajjIIa ft ji£> Jj Lmj < 0 — 90° j 0 = 0° (jiLjl jit 

E y jt ^LiIujL & E ^ til jLj ^joiLail (_]£joij E v (J-gLlaII . 1 a^ in a J axa ji^lt 

Aju _jS $ j£j Lo-lic- t 0° (j-a Ajj_j£1I 0 LI jjll Jjfr 1 _jj3tx-o ~xjja!L — 


• Tj x J V lM (J-a CjUa^^lA j^AJj . 90° <J-a 

5 ! , > 

Jj Ajuillj LaLqj 12 - 2 j 1 1 — 2 AjjLII ^j £11 ^Lu V 

7*6*2 (jj^Lll ^ ftjj^Axill t." iI^ja W l ^ijl cJLaII cJ^f^ ^*3 .aj^^aII ilj-all 

£ * # " t ■* 

Ajj^L CjlilSjll jjs-i*'} (J^t (j-a E 2 j E ^ j-a JjULj J LLa .Z? (jl jA^)iil 

Z^j (_}£ i^JA jX kS-h Q^fL (jl (_J^-aJ E x (j ^l^Jaj tA_^LaUi A_3j^)laJj . ^^_^.L±a11 

jxj-ai E x (j j5L 12-2 ~ C5^ ^ Ej J 

(JjS (j-o 0 jLill d^A ^-sxikJj «^3j »{^G = 60° jit J^yp is^ Z7 ? j-a a q iqli 6 ^jj) wij 

(iSj* j ^.al^* 'i) aj.^ 11 ^lt uj ^^ic. [6 - 2] Jones yy*- 


^jaLixxUj .Ajjujjj^)!! ft^LLl CjLjI ^.1 ft^j^)jJa]L c‘* iW'i V ftiLalt 

aJjIxaII (JL^-a <LjLaa t.*’ Ijx^jx^T^k U^ G xy x -5 ^yv -5 ^yv 

*(2.97) 



S jjL-LI lj!L»LL]| : 1 1— 2 
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UJjJi S jjIaaII Cj^UIjlaII : 1 2 — 2 


SjLq <Jjou]Lj <j LaLuaa l^)-al (_£^ ^jIjjC-I >». Ail .l^J I^Aj 




(j! 12-2 j 1 1 - 2 (j2£jai]l ^a .i^j I^LaI (_)l*j 

cr^' ^j£. ^ E x (j-® ^ 45 „ (2)j G 12 jj^j G XJ; (1) 

; <i^j-£a-a]i (J-alx-a ^ja 


* 

4_nll_C- ^ (JjJaal i L)^ 1 ^ l)^ £y (_> £a ^^ dll La ^)j>*Vic. <jI V‘u J (jj 

Jj 4_ix*ullj 45° Ajjl^ll jic. jll jlg^VI <SL^. Lajjc- ^jLi^VI 

U-J^ a_ix*uj ^)11 ciAjj! .i^.y 1 cJ^I l>°j »(j-aaJI 

(J£joi]1 ^ja L_ljUJl Aic- ^jj^ajjtl] JlxijV! 4-A VujJ ^Ic- ^_iJal j (J^xTn 4_3l*JI 

4_iLaC. Ullc. 4-lxSj (ji ^-iLaLoG V L_fll2Vi (jl IL&j .A_i>alaUli dlljl^a^U 13 _ 2 
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j QjfL AujuoI (Ja^H o^uLia V l^jV 

c_i 3L^J1 ^jc. d^Loll A-iujjj^)11 ^jc- ( ^L-a]l (j^all (3-1 £y* * 31 ^*^ . ^Aj^x^-all 

151 Cili^y Jl*itfl U*lJ Jc. aJUJ! ^ ^\M\ ^ 13-2 JL51I <> <>&' 

<21x11 ^a <a^aj-a-2l (jl ^j-o a&3 C5^ J^> c3^ ^.'^'i'i lJjLiIVI (jV t<iAlal21 

(JxaL — L_fll2Vl ^j-o og.ltjj'N 3^ — Aij^^^H <iAlaL2i J^xx^ill Cllljl^-^V AjI VujjVI 

ciA-SI^VI jjc. CjUiI^sJ AjI 3 G xv (jjSj tl^Aj .l^LJVI (j-a 3 £j cJ^*^ 

• Gj2 cj-° SjLJI 

. £, e- £«• (2) 



jjp ei\) AjjL^S Alllji (j^iil :13~2 JiuJI 


c^jjAaIxLq (jjAl^jl j A <^_al_2V^ 6 1 3^^ aj£^a! 1 S^Lftll ^\l"i<i 

ojL«21 oAA (Jj-Q ClljJa^)JU Ijjj . ^jjAl^jVt (jj^A JjSj £ JL&I! AJjujJJ^) ClllAL^jl 1 — 2 (3-ialll 
. 1 4 — 2 cj^judll (j-o L_ljl_^ji 1-a^ -fi'j lijli cc_flL2^U oL^jl c3j 3^-^ 

(JjUui (^ 5 ^ — ol^jl ( 3 j 3 *^-^ A^j's.aII SjLaII o^A 3 -° *»'* u>i^pu l^j 431^^^ 

3^Mi ^c..ij 1-° j^j) SjLoII ajjujjj^II ciAjjI-^ 3 (jc. 45° — (JUIaII 

jxj-al ^ulLJl E 45 , t(on-the-bias) 3 ° 3 *^" 

. iSj 33 s 
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jaJ jjfr 


SfLuA, ^£> jy^A ^jIa JjaViUj AJjUu jj^aII JjaViII jjjIj : 14 _ 2 J£*uJI 

Aili j 


(jj^j j :"tiJjjjLi" jl (JLajcIujIj AaQn o.^_j ^aj£j (jl ^.jJra'ujjJ 

L** ^-N. \ I j] VI) ^^JolLall (jjJ (j^lil (jA&l-^jlj ^ 5^4 4 - 4 ^ l-i& SjIaII 

oLijlj i^LuL-salj (_jlLaii]l «1 uj (jV 6 -^45' O -0 ^>^1 -£*i (jl (J ^11 .(ULiilL 

. O^ill (JLa^JjujIj (3^_J -lioJlj (^LqLj 3 (j-a ^)jj£j ^}j£l 4_3 ^jo1 J ^Jj (_£j^J 

(j^lj 4 <^i^»a11 (Jj-q E j > ^45° AjjL^. 1 oljLo i^liLojj 

.4 aA& (jlA^l 4 _i<a jjII al.j^vll (jA J-a j a ai j V 

<UjIa4a ^)JC. jI^aI] Aud.Vigll Clijljall c > u*nVI A^j^UI (jlj (Jjkj 

^) 4 jI*j (3 ^J S^Lall A.u.mj jjc. Cljljjl^j 4 _Ia^a 1 I ^UaII 4 _i£)Ij ^1 ^aII j ^^Lia]! 

* * 4 ^a < ]-i ^ 


(^jjj c^UU^) <JLk^Vl c^Lal^ E i 

ClljLaljt-a (j 

((j^joil ^ U^'ij aJUVuJ — <lUaJjujl (jl^^M Clj^Lalx-a j/^ 

(JjUII jfcll c^LaUl) <llkU -J >5 (jl jSVI c^UU^ /;. 

— a j) j.j.)‘Vn a'Ii'i djjLalx-a^ (_j-aS — (_j-a3 (jl^V^ JU- ^ 
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A x nJ-ali (J£julj (jAL]l ^Jl \\ Vi 4 CLl_Lajaii]l <jl 

^A jjc. CIjUajouII Jjli (j^c- . Ajxjj.V^.'I Clijljiill l 

(jA^ll J) (... iWi V (_j^a 1 ~L a "III c-LajuJ (j-a jl A^jJal j 3JC. o.vjatA (.** )1 's.U-ia^a ^ja Loj <aLia 

4 jqjJo ^11 C1 jLl<ix*u] 1 ^1 .W'uJ ^j'j.AiVuAi^ll (j a t 1 ^A j . ClA^O-ix^i-all (^IL AjWl <jl La 


. ^ 3*^133 (Jl Ax'\t.ii^ 1 ^Jj)g AJjl 


6.2 JjLuiaII 4^ j AyA 

.(2.82) aLL-J (3^1 1.6*2 


.[R][T][Rr=[Tr^^.i 


. (2.87) aLLaII 3^ 3-6.2 


•[^][^r[^r=[^r^,4.6.2 


AaLiaVL (2.90) aI^La!! ^Iji^LaiU (2.88) aLLaII 0° (2.97) aLLaII 5*6.2 

LK r l^,l Jc. ijii ^1 ^LLJ 4 jg ktJ s jlaiJI jL .(2.62) J (2.91) J) 

lLI Cy* (2.88) j (2.62) jiiblx-aSl j ^•vImH a3jLua jjc. (J 2J 3-° (2.9 l)j (2.90) 33-^L^ 

^Jc. L £jJaJjuU ^Jjl\ AiL^Jall La <_£ 1 . aILuaaII oIa ^k ^ -si ‘iaH aJ£)u i\ ^aII 

Ve^Lall (S Ljsu ^gij 

0 >l X y,y J r/ X y X J V XJ , J G xy J E y J E x AjjaUoII 4 jxt).Vig H dljljjll ^a-ujjl 6 * 6.2 

J-alx-ail ^Ic. 12 — 2 J 1 1 — 2 (J jK xal l Aij^la (J^L 0 — 90 0 — 0 (j* 

10 6 j (5.2 Gpa)ii 2 =0.75xl0 6 j (207 GPa) E x = 30 x 10 6 Psi o! j sjUj 

. V l2 = 0.25 j (2.59 Gpa) G n =0.375 *psi 

l j r A G jV ' ] 0 aJV-S ajj^j ojGI ^^jaUoII aJI Ia'u.V' J-alx*. aoj 7*6.2 

:JiUI Jo [(97.2) CjVjUJI 

J ^- L = (l + tf-46)cos 4 # + (46 -2a)cos 2 # + a 

E 

x 
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C5 -«Jaxii ^L-jV E x dj\ v*u*u a ^v'uJ .b — — (E i / G \2 — 2^12) j a — E j / E 2 

2 

(j-o ^ 2 J L>° (jx (jl (JJJ L>°J *B ojj£.Xal! AJL^lallj ^ jit j 


:<jl£ li] (jiaxJ 


J £ 'J 


o' J 


Gi2> 1 

2(l + v u ) 

I jl£ L] (_pa*J JaJ E 2 J -ZSj L>^ (jx 

G,2 > p — T 

2[(£,/£ 2 ) + v 12 ] 

Cj^Lal*-® QA _J* >.S-i\ jl 4^)j£l lx] 4^^)AUa £JjJ (Jxl*X ‘■Atlx'l (jl (jflxJ ^ *\\ \a\\ AJL^)u eJllxll (jl (jjj (_$l 

■& 

(ja (j£ 1 g \->l (ja (>5 all ia jjaill (jiixl itdljlJ ^Lill -lic-j •O^lxil (jjUjaLjJ^II (jjAlsuVI ^ £JjJ 

o^)£jxall jl^il (j>>» \\ E x / ^joi^I .4_n*xll (inequalities) dA^^l^loH (j£Lujl JaLjl 

. dila^lxll o^J VI Jx ^L-aj ^^l 


^aVi^II 4-lIMj AilijI S Jjil^UI lj] jaaa]] 7.2 

^a (2.85) 4-Llxxl! ^3 AJjVlxll AJ^yr^xll ©^.LuiaJI ci2>lxl_xx ^jl ^jJal^ll 

^gj] A_3LjaVL Gj 2 J E^E 2 ? Vj 2 ^"u,xll S^lxll Cjl^ixx] 1.12k o.viatx djVL 


^3 c." ),W"i ^ill <alikx]l ClAjljjll] ClLoil^xjVI ^-3 AJ-in .0 (jljjlll AjjI j 

\ E ^Ac-V^ A xj^ll Jaj^ (Jg.xjjll q x <i*J J .ojm x 4_iLx A_AL^JI 4 j<i O-ill ^lllx-all 

d±jl£ lij tciili £xj . ogAx^'V (^gAc-l c > AAvij (_£lll A j'^A-all A oL^llj E 2 J Ej 


iIajC-I (_£^)j^)jJa]! (_jx3 t&llxAx ^^3 A q\**v^x o^.Lua^. dj^txlxx CllAIaLix (jxjlajj ^oxj-salAI 

^jJal ^11 (_jx . 4 Cljl3l3^)l] j)\ Ajq3-»lx 

LI j^y j Ig.gj^kjj Sjlc«j ^jj Lx^ic. S^LaoJI Sj^alx AJlsj ^.3 Ia^jc. 

% # 

(Jjj)VAl djls^lxl JLJI (J£joA1 I'A^..^ jj V tc^lE oL^jV^ aaxmj a q\*l^x 


.ALL^iill l^_ijlxx j^j aIj^xaj (2.85) 

CjV^U-q <jL£ - [7~2] (Pagano) j^Lj (Tsai) 

.AjLlall ^jxjJa <3ls^)]l ^3 l.V^xj Uxx t6g.\.xu^k.\\ (Jjj)VAl 

lx COS J Sill ^ Ax. j’nxll A jlflx'l CjUjUax]! ^1 ,W'u2j 
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ajjI jil CjliftLjaJ cos — II j sin —II jjil® j (power) <_s ja ^JJ jjc. jij* 

: (2.85 aAjLx-aII) a l^cLo]' a * j4 a ciAc-Lol^AI a_Aj£ L ' [, t ' iiQ ‘* 

Q n =U l +U 2 cos2 0+U 3 cos 46 

Q 12 = U 4 -U 3 cos46 

Qn = U X -U 2 cos 2 6+U 3 COS46 1 

Q 16 =^U 2 sm20 + U 3 sm40 ( 2 ‘ 98 ) 

Q 26 = —U 2 sin 2 9-U 3 sin 46 
Q 66 = U 5 -U 3 cos46 


U,=- 


3Qn + 3022 + 2012 + 40 


-66 


8 


U 2 = 


U 3 = 


^4 = 


^5 = 


0n-0 


22 


011 +022-2012-40 


66 


8 

011 +022+6012-40 


66 


8 

011 +022 “2012 +40 


66 


8 


(2.99) 


1 10-2 J^all <joi£L*-q (jt A^jl j (jl 

. Ljajl S^jLud^n (2.98) Al^lx-all ^9 4_m2kl! ^ijljci]l jj£j tiilllj 


$.ljV (jl (2.98) jjsl^All ^3 d^jlill (j-<^j 

Jj=. ejljljjJ elja.1 Aic. DJJ V JjSj 0 66 J 0H,0 12 ,0 22 l> 

(j Aic. 11 a ^jjxj^AJI (j) .(<3l3^)ll (^jOjola ^Ac. L^*^**^) Z 

(Jjjj-u ^Ac. .d^.Ix*o 2] (_j-saLk (J£joi (J^l (j-o IjIj^j Aili^ll 0‘ il ViL^aj 

Q u =U l +U 2 cos2 0 + U 3 cos4 6 (2.100) 
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AWn Q \ \ d LaAj *15-2 ^ A-ajUjII l3^J ^ .^J'* C 5 ^i 

Clil2 A_aa£j 0 £a ^)jju dll 2 A_aa£ AjI! liLjaA Uj ^jjaIaa ^aC- djlj ^AC- 

^iilaj ^9 Aiil9^)]l S ^ Lai^JS Vl - x9 LaI - aILa Uj OJ& * l*^Aj *0 £a djpll ^ Jlc . 

AjaIjJ dc. O^jli Jj£l JJXA^Ul ^ajgq.Q (jjfLluJj . ^jljj^ll oLdlj Jjtjj V Aj^ C ^AUAjdj 
0* ilg.-s jj dl j 2 djlals^)!! A-c. ja-n a ^j-o L_a]\jj S^a^VI o2a tA_AiL2a]l ^jla^-all 

o^UJI ^JjA^aall 12 a (Jja ^IaLa t^i!2 £_a .A nxA Sg.1 (J^jQ Vi (J^l (j-a A-C-jdo 

Lfr Ic. dULdVl ^ dlj^ll l_jL^ ^Jc. ^LijVl j SjUU (tailoring) 

d^Luo^. ^Ac. (Jjj-a^Jl aJjL^-a ^jli ^ j j S aJjViaII <*_iila]l a 3-*»*OLa (j -<» j t (JUIaII 

SJ^joliaII A-Ajall <_j£La ^ La ^>^.1 oLdl (Jsl oc-Lua^. (jJXA &Ldl ^-9 A m ^ 

. JlfLoll 12 a ^ 22 J2a 4daid±A 


u . 


U 2 tos2d 



ll ,« ot40 



K A- 6 


0 • o ~ f 

4Ali yfl Q n :15-2 J&A9 


aJjLaIa ^)JC- ^I^aII ^)jiu^Ul ^jc. aAjIaa ^aALLo [7-2] ^aIc-Laj (_£La1a ^)^Aa 

(jjjtoll ^ jAa ^ IaII JjLxl ] L _ 1^J ull ( JjIaJ ^ JC > AAIa . . ^^ LaaII 


U 6 = 


016 +0 


26 


U 7 ='- 


016 0 


26 


( 2 . 101 ) 


2 ' 2 
1 1a£aj ^211 2-2 (Jj^il ^^Ic- 1 g * a (2.98) aAjLxaII (Jj^*jj (2.99) aJ^IxaILj 

. ( Jj ^^ jII dV ^ Lxa AjLa £ ^ja 


-La29 Aiilij^l] ''S^jjLiA^Ul dl jjaa]!" jJa S^jxaa^UI A_a]L^J1 ^jjjtLcAl ^ jpVi V 

0\12<. (Jj cL_Lui^9 <2.93 aJ^LxaII ^^9 AIajIIaII ^jJ^JI l^jj c” ^ja tU 5 j Ui, U 4 (^ 5 ^ 
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U 2 Ia) .7.2 Ax. 0±P 6 U 5 J Ui, U 4 j aH*Hq cIjV^ ^Ac' 

djlSlijll ^a S^jxj-^UI ^jjjliLAI <jl ^jLijj . ^jj ^jilLoV (jj^l^iLa Luul L^^a U3 j 

:Jaia ^^a ^liJ 4 _i£}Ij 


A -Qn +022 +2012 -011 +022 +2012 -2(t/j +^ 4 ) 

^2 ~ 066 — 012 ~ 0 66 — 0 12 = ^5 ~ ^4 


0 ’ ij J 0 ,y — J :2-2 



iiulilt 

cos 26 

sin 20 

cos 40 

sin A9 

0ii 

Uy 

u 2 

-2U b 

u 3 

~Ui 

0' 2 2 

Uy 

-U2 

2 U 6 

U 3 

-Ui 

0'l2 

U 4 

0 

0 

-U 2 

U 7 

0' 6 6 

U 5 

0 

0 

-U 2 

U 2 

20 'l6 

0 

2 u 6 

U 2 

2 U 7 

2U 3 

20 '26 

0 

2 u 6 

U 2 

-2U 1 

-2 U 3 


ji jaSI 2 /y 3 ^ ^uj aJjL<lLq ^jjc. Q f ij 3^ 

Q ’ .. U 7 J U 6 ( — -! -IxJ "to ^L^i\ ^JjjULall aAA ^jAc. (Jjj-sa^AI 

^XJ tillA J t£jU tjj-aal! Jj A jqjAill ^cjUx^Ji ^ ^jjxj !>U1 ^jAIAa! iTu^aLLa 

.£jl^)ll ^3 ^_iix-alAl ^jaIAa 


•1.2 JjLuia]| A^j-a^-a 

(jl jj^ *1 j^j ^jc. jA 2n "*"622 ^612 ^ j * > * J 1.7.2 

011 +022 +2012 =011 +022+2012 -J ^ cr“iJ ‘ Z 
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‘Z Jja. (jl Jjj *'o^J ^c. jpUi Q 66 -Q 12 o' 2 . 7.2 

Q 66 C? 12 = C ?66 Q \2 i) ^ ur*-}J 

U 5 j U 4 , Ui jplAil of dJJi Cs^-i ‘ ^5 = (f^i — U ^ ) / 2 of ^ 3.7.2 

(_£l ^jp ( j^-C ( j^LLu-~. OUj^fj as joi Olj c 4J2O 

^ j|l (jJjlOiil aJ^Oj 


^^LLaJl 4 _u^J Ailij LjUUa 8.2 


AJU^I ^LLa 1 . 8.2 

Ojl jjiAAi 4 _ia&VI ^ ^g. *0 O'l AjjOIj AjUj ^ Ajliall dll <_£ ^jl, j>jj*n 

jAjj cA^jLoJI dlLJ jjJl A_X_^.I^AJj .A_iiLia]l L ^JjjLjjI A nK C-lij Of. L^JI 

aIiuuj^)]! A_nx*ull j diljlg^VI tiWj-d LiA Aj^£^a11 A t> u>iq'l 

jl oL^jV (_>*^ ~ L_i aj^tlilljj — $A_^.jall jl oL^jVI <jc« ^)iiii]l 

^Uajj V (^^iLoll a_i£)Ij c . a£U1* j I j-<Jl IjIiL a_iaa! ^1 JlxijVl 

^9 AjllL<JI A_aj 9 jl Loj Jjja ^JlxAjVl 

^laLill (jjfLj V (jlfi ©UJ ^9 Lg_lo La ftUjl 

l^Vl JI^J ^gJxiSI Jl^yi JU* (jjj A_jHala <JjlLo Jj l^j ^-lll^jj 


. A *ua n^Il cl)^ .J-^^ L )*' »,i cAj ^^-gjouJI 


(Jl^-a .11 wM ^)jjL-uI£ 6 g.Lxjj 2 kll dsLa^lc. <jc. AjLLaJI ^JalLaii ^9 La .iiaj 

^J jVl 6 jlvOl <_j-o£j ^^uoiaII ji_g_^.Vl (JL^-a <— is^A ^ -5 

Cjljjl^.yi lg_j jajuiaII Cjljlil<Jl jl djl^L^Vi ^ C3^ c — l£-^ 

s . > ; 

.^llall A9l9^j AjtLa A-uj1^)J ^9 A_1ujI_ouI A_a^1*-a]1 oAA m,*i .S jLoil 


Clljl£ 1^1 A_uiij IaIjOjoi-q ^AjJa A_xjJaLk A9l9^)] AjjujLujI ClilillLo CIj^Ij tilljA 

;A_J^l_iaiiA aJIs^I] Jala >.j~i'\^\ j AioJi ClAjlHo 
^1 oL^jV^ aJ^J^I jj Ajjj^ Jl Ajllall — X 

(2 J) A-ijloJa jJl Ajlloll = Y 
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(2-1 ui^V 1 J) Lh»SB ^ = S 

CIAaL^IYI 16-2 . (Lgj (_£^ ^^A liA CjI.1^.^11) 

(JqujjaII (J^nJ^Ml qC- ^-jjJa^j CliljlHAll ^\nj $CllljtiA]i o^A ^j-o (J£l <aal^A]l 

.Qi,a2,Tl2 

OY 


2 

t 


A i _v 

y v ^ -♦i 0 g g o* 








IEX33 


SZE33 












3 


(.IaIj sLaj) qaJs) Ljj^a aljla AjilSj] 4 _lujL^jV 1 dUliall :16-2 JS^J) 


AjjYj SJUj]! Ajtla ^3 Ajjol)J^)]I 4_iaaI *2 Ajl ^1121 JliLill La£ 

tjSilj c 1 6-2 J^dll A In^ll JJ'' <21 AjjL2 l_sU]jO dllj j/'» 

: ( _ S L Ld£ 2-1 1_S ^3 AiUijll A_ljJal Jj!^\ CjUlllall 
X = 50000 psi (350 Mpa) 

Y= 1000 psi (7 Mpa) 

S = 2000 psi (14 Mpa) 

^j£^u duai t2 oLdjVI ^3 AdaidLaj 1 ola^YI ^gi aJIc. o^Lai^Jl l x^n jl 

^J3 (jl (JjVn' . C. \\\\\ A^jjS ^JjjLujV^ ^gic. IjIaJC-I 4-Sjg x*n tillj 

I^gA 2-1 (^ jnaJ l 

ai = 45000 psi (315 Mpa) 

02 = 2000 psi (14 Mpa) 

Xi 2 = 1000 psi (7 Mpa) 


£a .4 jaJ^cYI AjIHaII ^ aJ^cVI n^li (jl LiA ^j-o 

^a) 4 ^Iia!! <-’* i Vi J^V <jl nj cY (j-a ^>4^1 CJ 2 U Iaj tudlj 

(JA^J ,(c_fll_lSbU ^}1^A (JjiLalj (JA Clij.1^. — (JjuI — (Ja*Wa11 

ciAjj!.iV^I 4_ijou]Ij i ^jl ^a Lia a_ixjjI_ujV 1 4 J-^^IaII 
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SaIaII ^3 4jIAa]I (j^£j tdllA (jA (jjAatll ^Ac. • (^-^IAaII 4_i£/lA SaIaI] Ajjujjj^II 

4_^.jJ dlliA (_>^) ^ 3 \}*ia 1I djlAl_g^.VI <_gJ] 4_iiaA]lj oALaII 4_^.jJ (jo 4_IkiuiA ^llJ AJjLaIa 

AJjLaia dALaII ^^3 

A_nllc. (JL^. jA La£ — JaxjJall j AjoAI ^3 A q\**^ a d_ll jjAA SaIaII d±jl£ Ikj 

iAJIaII caIaI^a]! ^Jj ^aVI Iaajc- ^-Iii^j — aI^aII 
Aja]I d 1 Vi A-il^lall j}\ 4j^jj)*^a1I ^ALiaII — Xt 

l-ax^Aill d 1 Vi <2 jla]l jl 4 AIAa 1I — Xc 

AjoJI d_L^J 4_ijLja^)x]l 4 A\Aa 1I = Yt 
3*1* xAill d 1 Vi AajLiJa^xJl 4 AIAa1I = Yq 

lyJtii 4AIAa = S 

.SaIaII a^i»jjjj^)]I djUjlAV^I (jAda aIjLjJI cIiIjIiIaII l_j^.j ^£aA 

d )\:\\\ jl>Y i 4 AIAa (jj^j (jl c > Alg_sJ aj^>*A d i>d 

(jl dilk ^Aaj .-LaiuJallj 4 A\Aa AjaII jjjj djli^lAdVI (jC- 4 WVia SaLaII 4jja1J^)]I 

CIAjjIaV^I (j-ojJa 1 g . a a ^ *1 A jaJ^&VI Vcuall Adlj — 121 _*jj ^1 L±^.^a j)l£ c-l — <_j-aa]l aI^J 

(j^AJ .-LaxjJall ^3 <Ac. Aja]I ^3 1 q\*‘id a I^^Luj (_£AjA ^All a!_ja 1! (J^l (jA oALaII Ajj-ujj^II 

* 

4_a]Luj j <i^.^a (_j-a3 djlAl^V (J^iJdi d n*\ 17-2 J<> Ail I aJ-^^^La ^)JC- SAliVI oAA 
£a 3 djl aI^V Djldl (jC- lAA ^'^LLaj-aVI Vn . 6 1 AAl3^) ^Ac. 

ja Ti 2 j-^l J>fl51l aI^I (jl ^ (Chou) j (Pagano) jjlc.U 

^^3 l.jqjq*s ls^)3 V aa! A-i^V .[8-2] <--i^.^a]I 1 oL^aVI (^-s 4-^.j (Jj^s d ^_ja]I 2 oLvjVI 
J<; d 1 .AulLuill ^j^nqll djl Alg.^kj^ ^\_i^^a]Ij ^La^juj^aII aI^^VI jjJJ 17“2 Ail I 

(j-sak- 9 j Aic. C5 A^. (_^JI 4 _i»jA]Ij A^.1 ^11 (jjaLol^ (jjj^jjj-sa Al^_^.VI 

> 

4 Ajqll tlA^Aj .17-2 (J^ dll (jA ^Aijoill L_Li-^aA]l ^3 Ia£ t<jjujd^)ll djlAl_^-^.VI 

oAIaII ^AxlaS ^Ic- CAIaI^VI cJ*A (jV (j^kl^-^l 1-^ (jA l.g *i Al_g_^.V A jaI^C-VI 

. 4 i nO*i (_gAJJ 
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SjLaII aIuojjII : 1 7 — 2 JlAll 


^jc- <all^A ^jaIiC-VI <A4all .Lai* j iciilj £a 

45° A-Jjl _j ^jc. 6 JlfLoll ^lc- .^j^aSI AjjIau] {^c- SjIaII Aiujjj^ll CjIjjI ^.y\ 

AulLuJl j 4 _i^.^a 31 (_> £a ^^ (jc- n SjLaH jjI^aII AjjuuIIj 

^ ya& jl^aJ <JL^. ^3 .18 - 2 (J^ja31 ^3 Ia£ 4L_al_i3Vl ^Jc. ^-‘-u£L*I1a A jaJoIj 

i< * 

AjJjaC- at j. Jo jg,3oi 1 a in oL^jI .La liA ^>Vi 

Ljjj L <ij\ll oUjl ^3 Joat xJo .1^.1 jjj tL—llLuj (_j-a3 jLgjsJ (j-Q . L <i\,jlVl ^Ac. 

CjUIUaI! IjK c. q\'iVi t villi ( *_a . L_fllj]Vl 4_iuu3\j (J£jaj .LuAI (Jx^oVi 

<1^a^. v.‘* 1 Vi 4_ic. .LaAl <]^a^. v.” i Vi SjIaU ^jaAiIaII CljlcAxxi-vll CIl^IaIxaj 4 ja3oIa31 


(J^.1 ^ja ^-saall Sg.lxjj'N CIl^LgIaaj CIiIjIAa] Aj^AHall L q\‘iVi cl^Aj 

^iajJJjll J) 4_lxxullj 45° 4-Jji _j .lie. A q^JoA AJLa j 4 _±^.^a 3 dll 

jI^aII ^Aj Ij^j^^a oljLo Ails^)] Jojxxnll (JU1 a31 ^ja aAA ^jAat'i (j£-aJ .6^1 a13 

, 4^^ ^-s. ^\\ 
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SjUI! Aouujjil ljUjI^VI ^1 4_uauiL 45° Ajjlj -lie- ^j-alil 18-2 J^uJI 


Aj'j'V^l AxJ jJl .dc. L^_ia^A_j ^^1 djlj^*j-£a]l (jA Sji ^.1 j V] (_>*^ (JHaII 

dil .JaxjJa]! 4_1L^. -idll 4_11_^. ^3 A^IILaII CIiI^iaa!! d_ll jl ^-^.LiaII j! ^a 1] 

SjLaII A j*a n^ll d lljii JL2kV 1 ^3 aIjaLujI Aa^Ixa (J__^j Adl^Aj A_iiL£ (jl_ml Jlial! 

* # 

oIa (J^ d* i . juxaII cJI-^-a Ijlllujl cJuAa (_£^kl d )\ j 'll ^.j djl^-^jj 

^1 CjLjUa ddl£ c-I^ja! — Al jaLaVI Aa^IxaII (jl ^Ac. ^-la-lxxJ djl^jjAj^A C-L>l-Jj)*s. ^11 

A^vull ^c.1 jS5l Jl dl5ij ^>iVi j t(tensor) J ja J uj^ _ Sg.l.XJj'N dl^LolxA 

.1 J^IaII ^3 oLLulaII JjaII dj^LjjVn 

Sg.l.x*i Jl dj^yLolxA j djblidl dill ^ jda ^a (Jjxxalij ^3 J£1 (_j-aju J 

^djlilllAi] <aii^-A ^j 3 ^j^aj (JJ <_ja V] j 3-iatx^iH 4_11_^. ^^3 l Jc Aja]1 aJL^. ^3 A qlv^ a!1 

jjJa^dl 11 a tdlll £a . IgjLjljj ^^3 (Jljp V d 1-l^A <J dj \W ^jV dlllj 

^1 ^a 11 AA-aldJl Alii 1 JAx/1 (jfLj (jl — Aj£^)a 11 ^ j-dl Jdl JI>a11 JAx/ 1 1.1^. l,Ag A 

djl ajpUjj (Ambartsumyan) jUa jdj jUa! jIS .-llaJ sl^Ldl ajSjaII 

^.La1x]1 ^ja aA 3 d u^iVuJ .[9-2] 1965 ajja ^3 ^ ^jja^All 11 a (jc- djj^t. n ^a 
4 [ 1 0 2] Jones d _>dl a 1 a dldl^jA l_ij 1 ^^. ^ja d\ll^ (j jj5j^jaV 1 

.([12-2] (Reddy) l^-^jj (Bert) dj jjjj [11-2] (Bert) dj jjj 
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aJUaIS JjAaail 2.8.2 

^yi Ij 3 Ja.1 ^yA ^_^.11a]I AjjYj A_iLa. ^3 A_1 ajjLuj^/ \ i , . ' J. -v'^' j c.l^^.1 

A_laj^)jj — i_JjLaj]l o3A jjjj .SjLiI] djljjl .1^2 ' ^_-3 jjaxi 

oc-Loi^JI dll^iA^i ^jl ^)£jj .o^IaII ^3 a^Lu^Jlj liilSi a^AA]! CjI^iaaII — .iia. 

1 sL^jVI ^3 £jjJ (Js 0 ^*- 0 = E j 

2 ^3 £jjj (JaLxa = E n 

« g 

{\jLa3 (_gjLaij) A^sj3xa l £j±E\ Oj = O' Oj 2 — 

*1 

tf ^ 

(I ^jLiaij) A^sj 3 xa ^j±E\ C]ljlg-=2^l £AAa.j 0% — O (_j3 0 21 = — 

S 2 

2-1 (jijjjl.l».YI (j-aall (JaIxa = G[2 
CjljjAA IaI ‘ 4 U", . ,i ^ E^E 2,0225^01 (JJJ j)A 2a33 Aj^Aj (jj £j i" 


: LS^ 

(1 oUjYI ^) ajjY jioll j aj J jp ^]I a± 1 a 1I = X 


(2 oUjYI J) Ajjl^ ,jJI a±1a 1I = Y 
(2-1 (jJJJjl.la.YI Ajtla = S 

. U.1 . >i\l j 32a]l ^U. ^3 A qh-A ^ ^j3 Yj X 1 (jj£j u' U^A ' " ' . ^ 

Jl 

A_1j-uI_*jjV I CIAa^IxaII ^Ac. (JjJ-sa^JI Ia^)JC. (_j£aJ C— c — flj-saj 


"LgJt-lA^. J — 4 -J^)a]I «^^a 1I (JA ^)Jj£ (J^.1 (JA .4-jlliAllj OC.Lal^Jl (jC <ljljalll 


A Ajqll AjIxJj <Lqj.1xa 4_aj3 ^ja $.l.iijl ^La q^5Lj 

aj£^a!1 ^I^aII ^ja ^ j -? a ~i til^Laill 11 a ^jj . <1 ^a^. jl LgJ AjjL^ill 

~ ^ja^^jjJ j! jaII ^JL^. ^^3 Ia^, V ^Ixa l£ jLa 

1,j3-v^ V Iaj 3 V] t ^-ia^ 

.JX^I 


^jIIaII j ‘A^.l nl\'l 




^ <ljA^k\i oIa (Jja (jA .A ‘mil 

K- A * 

I^JS J 4 <j£^)a ]1 ^1 ^a ]1 Ia ^^3 C^UaII Ajj^ylj cJ^*^ ^A . ^-^.IIaII <LIa 1 a ^1 ^a !1 

4 ja3oL1]1 j (_jAaall Cllljl_§-^.jj 4^)-£aa]l CllVl-stijlj A jaJ^La]! 
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C* t SaIaII <u,nj CljljjlAaJ aI^aII oAA JLVi IaAjC- i^Ha j c^^j-a^ll 

^j-aj j-£xkj jA^Jl C5^J^ l\)'c- ilA^Aj .(2.88) Jlxijl — CIjIjIjC. 

:S ss * 

\ ^ ^ i^j^JaA 1 a& ^jA^Ji^ A_Ia±^JI A^i jn» j . Lgj (. 3 ^C.^)a]1 ‘La^IxaII ^.Ic. Jjj-a^JI 

.A_j£^)a] 1 Al ^a! 1 A_^JlxA J^.1 (j-a AJJ)\3 -»aH A_9^)XaI] 
jl "_jLu^VI" Ajjl^jaJ l ^js-i\ c i\ 1, nlc. tAl-al_k]l CliljliikVl j)A Lll (j! Jj3 

La l^)Jj£ CllljliikVl (j] ! (jC« jljAj (_)aJ 4^)aV 1 Ajlgj . Ig-uiAj ^Liill 

:l,n'c. JI^Lj tl^jLujl^xji ^ A-LiSAj AAAa. jj£j 

jlilkVl (j-a ^-SA^Jl ^-9 — 

■cjlliill 


^cjQiil £A jj J j jj-aJ — 

ClljAak A_9 ^)xa — 

I^aI . W'uJ A ic- ^jAIxaII ''Aj^jLixaII ' 1 Clal^jl n-^^l A_i^.jLi-a (_£Aa j)C. JjLuiill — 

<j£^)a!1 a! ^a! 1 J^l (_ja 


\ Ia A_jjC. jliikl oA^^J A_Jllj]l ^jjjIxaII ^C- (Jaiij 

CjlA <aialA]l (_5^j) (_>*A-A^1 <aJaJA ^^9 Al_g_^M Jj-a^J jl VNJ (1) 

. ^jjjLja]! 4_aiaiA Jli^l Jj-a^_J C* (^jLja^xll ^JaiLal] ^}Xj-aVl ^L^LaaII 
c^IIa j t^uLiill <aJaiA c-L^.^1 ^xj-a^k ^9 ^3 -VVa Al^aJ (JL^a A^IjJJ (jl c > V^.J (2) 

£jjjj A^^.j ^ja Aj V 4(JIja11 (Juja LS^") (^L-aa-Vl ^3 i<q > ( jlia.Vl ja ju^y 

. (A_iiLiA^JI SaUU Ada. j£CC) jlljAA ^jl n^Vl (j-J^ U J^l (j-a ^ ^Lall L_jUaC.jU ^jl21j 
( joiLiiill <aJaiA ^9 l^_J LjJjC-^aII C1j1aL§_^.V 1 All j) (Ja Aj V (3) 

^Lalijjujl ^Ac- Jja aJ^a^JI ^nJaj Cl A )U (jA A^jLllI CljlAl^a.j L_flA^. t^yllLa) 

. ( (JjAalill ^lajlLo 

JSa) ^_fli^)JaVi J CaLI^jSI jIjI ijs-i*'} jlcjol 4-L^J c(3) (jC- Jj«^ J^-^j (4) 

. C1jIj3-»»a 11 Jl^yikl Aai aC- (aJILi u J — (_j-aall Jajl^jj j ^ _J^ 

^ja Al jaII ^jJadll ^jillijAA jLilkVi A_ijl^)a.jj A nxll oAIa (jl <• . j (5) 

:<A\j\\ l " A ^ y j 
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L-ft] (j-o A^jli Ajlu iJjaj (jl aJL^. AjI ^ A A '\\x \ V) (\^ 

<_ja Aj^jULa — a£Iaja 11 (Jj-q — A X\xW o^iaaII jlxJ^U (j^AJ V) jt3 (l_) 

. ^£cJj tC \\W\ ^)Ja9 jl CjI j^aJI Jlc — SjUU o^iaaII jIxjVI 

A^.^pj Aj^ja^ll ^ jW aj (JjaVAI AC-^juj jj^Ua <j^£j (jl *» t ]j A J^j^aH AjjJI (^^ 
\»,dl ^^jLoijVl ^uJaliil ~Aajl Jo a ^al ^jl — aLIaa A nx\\ Uj- 

. C'lnc- <ja jjjIxaII oi& ^a. W‘u*n a^joi 


(j^ia j aa jl t jliikVI AjjC- Ia^aj ccdli ^Ji AiLjajj 

l jAijj-iVi Aijj-sa^All Aja]1 AjjC- m/A 4 (JUia] 1 ^Ic- ."aIajAVI Clllj J^LiaII" 

* 

^Ac, a]ja*sA 1 Jjjiaj > -” (JjaVAI AaialA ^ 1 j I J^laliA CIl/H li& 3 -Vi . 1 9 -2 
(jlikyt U'J c ^Avv^ ^jl 4 -l^kJ ^1 AaialA ( 2 ) cAjjxII 

jj£jj (jj«^j) l (JliijVl l^s ^ill (JliiijVl a q)viA (3)j t aja^cS/I aJja^' 1 .lie. 

I** lAAtA Cl\j\ {‘i Ai o^C. AaialA (JjaVAI AiLiIa ^ja ^CljljL^kj 

AjaAV (.JJ^J-Ia ^5 Ia jjjfi ‘ Ua1 ‘Aj^^a!! ^I^aII Os-Lui^ C_l)LaIxA^ dlljlllA 

.A_iaAV^ Clilj A na.ll (J^JaLiA A_iaAI j Cljljjc. ^jjjIxa <ja 



a xLa ^ 1 oUjVI (uniaxial loading) csi^A ^ V J 

<_£ j'Wi V .-La^a AalalA 20 - 2 L)£P l " \)^ oI^Lq ^jjJjaa 

U AC- ja'Na tJaia o^.lj ^ A^Iaja 
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.( 1 . 1 ^. c_liaxSI LgjV oJ^)Al<s £-<s (J4xli]l ^JSuu C—lXj-sall ^ya 

:l_sjjx1i1Lj jj£jj t£2 j £1 


=' 


E.-Z 


^12 


P 

X =-!*- 
A 


(2.103) 


j <1 C. 4_p ^a*JI 4_^.L_n>a A 

K- * 

(Jjkx-o £-laLa J^i’qVi 1 n^j L \ f\ (j^lj . A m \\ ^Ic. A_ijl^_lll <S^a^JI ^A P u j t 

4 jqft <Lal_k]l jlilk^l il nc. (j-o Ix^iat i ?jli±k^l AjjC- ^jjjIx-g £-g 

. 1 g.qjW’i 


^■lll^jj iLa Ic-^j 4 )a u^n ASTM D 638 (3^j -l2Jl jlilkl aSjc. (jl 

A qJVi^ ^1\ A \ Aalai-a ^jJliiolaII <_£■" 

y 

. 21 -2 La£ i A nail (J^la (_jjA-liill (J^ia ^il} * ^ ‘V ? K ^~ i (_)jjLi 3 


AiLiIg ^ jI-A*-g An*" J^Vi V . JlaiijVi Aaialo ^ Cl.Wj 

^j 2 (jj-^ ^A A m \\ o^A Ajtlo ^jl Laj (u£l]j £-o .^jjjLiill 

. 4 4 nn 4_jjx]l o^A 4 <Qj*Q«v \ i 4 _jII1a]1 


1 



I- 


1 sIaj^I jj j^a Jj^aj :20-2 J12JI 
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1 £ JU&! <aialA <^31 L_ljl j^JI A a\^\^a Axi] 1 4_jjC. lilSj ^XJ ^jlj 

^jjjj L£ t(ASTM D 638 <ic. ^ (j^ajxll jjjxj <j-a V*^j) a£LuJ1 jaixj cT^* <j-a 

. ^uLlii]! A qJV^ ^3 ^1 4qi.«V\\.aH ^)JajLLa]l ^3 Uoj l 1, dASll^^M (3 U-a^. .22 - 2 J^ll 
(J^UaVl LS^ ^*^ c ' V C<L-^a!iiA]l ^ajlL<i]l L_jlj-al I jj 

IdjjILaII SjLaII 1 xjjI j3 



.60 In 
(1.27 era) 


20* 


2 \ 


3.00 m 
<7.82 cmi 


<1.27 cm) 

n 


— r*r* ^ Yr - 


8.5 in 

2.76 In 

1 

(6.00 cm) 

r— 

(21.8 cm) 

10 bi 

7«> ". ' i — 


(.64 cm) 


.ihi. j 1 ’■ -‘ ^ 

L-uLail *> a ja". . „ a jJJl 4 J^ 22-2 JiuJI 


173 


4_^jAl -g (Jliijl 4_aiaiA aL^jV !^)4j£ 4liuijall Aj.H1 4AjC. <_ ll)Vn j 

^j-o jjj£j (JjJa! ^ ‘m l! oAA QJ& tciilj 4il_iJaj .23-2 (J^A*il! La£ t 

^j^£j Ia^Jj i^jjjUil! <alaiA (jjli^VI i.Kj ttSlli £_a j c (jiiajLudll ^jjVm.l! 

« - , > 

^ ,,mjl! jIj*_a 1! ^jqVi ^1 ClLyllil! CiLuxl! (j-a oA^jll 4 m,l! aILujjaI! 4-ii*J! 


.©aI^J! 4Ajx11 


2.12 In 
(5.38 cm) 





.78 In I 

o « 

9- 

( 1.91 cm) 

* t 




j^£7 . . >..tj b. 2S In .50 In 

5.25 In 



(.64 em) (1.27 cm) 

m.34 cm) 



11.5 In 



(20.2 cm) 


(Bow-Tie) ^u-jaI! li 4 Jjc- :23-2 Jlutl! 

.4_nll!j 4_LjIal! Ajil! i ** \\ 4 l^il mn <■ !**»» i -^~» 4 \ n Wi . Vici. 

24-2 (J£jil! (j4jj La£ 6^btijV! aAja^. £_1a 1 4_njl_^. <Lalc . a (j-© aj V Ja£aj 

(J£jAj — IjA 4 na.lt <jj£j .4_njl_^. ^C.J ^jlix-a 4_Lajo)!^j -LaiuJal! jlilk! i** T uaI J^!^a 1! 
udlAj t4,m,l ^)\x,ks-> ^aj-uS V] 4-Jj5^) (J^a 1 V ^ t CrnJI cJ^ 3 ^)AAj 4-lj^la ^joiLoj! 

. 4_aC. Aa V 
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Axil ~ ^3 ^lliiil — (_2-iiiII ‘Lijl j )^.l (jVl J ^ 

*UL^£j .25-2 2^ L ' L ' ^ L<^ aljk^s Aili^)] <jjiaui <xia3 ^Ac. 2 aL^jVI 

I^jjfLij t£2 J £1 (_>4aj ‘JjVI “^>^41 


_ —— F — *~^ 2 n ——-5- V — IjllL 

<J 2 — , ti 2 — , V {1 , I 

A s 2 s 2 A 


(2.104) 


4 J P u lt j c^jjjLiall <alald ^5 ^jLja^xil S^ill ‘L^.Luj-g — (_£^kl o^a — A 

,4 n» \1 ^\r. 4 nl ^ ‘^1 

:^ixl! cjI£A* 1I S* LoJ ciilAf^- 0 ^jWi (j' 


{j, 


£> 


- y - = ^ 4L (2.105) 


:4_iitl]| iSAjii\£uc^\ <_£.la.] (jW'n l^c. Lu^j 
^JaL^. (J^joU l“ ll l)a* x>ll 0“^4 ^ (1) 

^JaL^. djljLuiaJl ^aJ (2) 

4j^o 4 jJa^. Jlaij! — dlla^lc- (j-o SjLgJ! k-Jux^ajj (jSLcJ V (3) 



— S j G12 q)‘ u^olikil Aj.w'il jjal jaII £dia a^aSI ^jjjLiall (JaJ ^j-a — j y'u \\ 

^1 — ^ja Ajjiiuix* 4_*Ja3 ^Ac. 1 45 ( 3 j (J-gxj .lAo (Jaa^j 

£ x ^c. .26-2 — 45° 


1^" 
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E 


PI A 


(2.106) 


4^97 .2) aJjIxaII ^3 (Jjjaj dils^lc. idllj ^xj 



J_ 

% 



(2.107) 


.Jja. j\\ Gl2 



1 dlajVl 45° 4 jjIj J*ju ^jlal JjaVi : 26-2 JluJI 


.lajj V £a .Gl2 (J-a&II (J-gL*-a Ilia, j .13 Ljal^psl laSjj 

(Jj-g (J jVn V AjIHaII cCIAjIIIa]! (Ja.1 ^ja (2.108) aJjIxaI] aJjIxa] 1£ AiL^^C- 

— S (jjjxM A_j^)alill oJA (Jj-a ^Ac- In^j V 1-l^Aj .S^LudaJI 

V ^^3 ^liaj <asi^)j (_ya 3 Ajjjolj Ja^j ^aJJ A_jV — AJlHa) 

. S (^ C ' Clllj^jlLo (jLftxliall ^ja lAj 

L_Jjujl_ixAI ^JA ~ (J*aal\ AJIHq ^JJJX.M ^)ljJC.l (Jj 3 J <^i]j £A 

aJjLxaII ^ja ^ja . ^_jla 45 11 filial ^Lajj aJ^-uj 
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(J x jLgj^Vl (JJJ (Ualjjjl) L^. jljj ij ‘S 16 . wll (2.87) 

26- cMI ^ P s.11^. j oj5 Jj SjLujVi (j-o *Yxy Jl*ijl j 

:5 .» 

ajLslIj ^iVm <alla-Q s^ill ^ l-« **. ^ (J^ 4j^^iiil V <2 

* * > 

(Jlxi2>U AAjlij — (3fuj La 4il_iJaL[L — ^ila^)ll C_fll^)lal ^aJ La j 4C_al^)iaVl 

* 

CliLl^j (^_fll^)ial clljl£ I ij 4<_£^kl <1L^. ^k j .27-2 (J^Lall jLujj ^g-3 4m<a'l 4 Aj_jJ»51j 

d 4ila^)31 jla tP oj5 aL^.q Jl^. c^liLo 4JI ^k a"\\\a 4ala^)ll 


27- (j-iAJ ^-3 4 jIua]I 4ij^)la]lj o jjuiMI ^llilLjj t^-a3 o j2olil £jJa^j 


^ (JLxijV^ oj^. Aj^jlLo <jli£ AJj^ia ^ {)*' ^ ^-ijl£ (Jl^. .[13-2] 2 


Ji*l5l A Vn^all S.'hq.all ^jjc. 4ala^)Il j ^ALLa-a 4 m, 11 oLa (JLa l Qx.^in.a 

Ja^j dp c(Saint-Venant) l c±L jk cA^ cAA^ JA ^ \^u <i t«Ui Lf *u .27-2 

jl.lLa ^al, W'u J (J^.1 (j-a S^lc. jlilkVl 4 j^>^- cilLu V liili tcdli £-aj J)[±±A$\ 

.Culj jk ~ ClliLuJ jljl V (_)jjLj 3 4alalA ^^ic- (Jj) Wi'S.ll S^Lall ^j-Q 


LiUftf! 



£-a 45° 4 jj 1 j ^ l^J 4 J jaaJ 4jlusIa Ljja-a SI jla 4ilSj JUAjI :27-2 j£*uJI 


^Jc, AjjLala ClllA^uijj cljLlga.1 (jl ■y'Vn Ujj£j-u ^“l<a (jiiaii a-a (jiil^A^. (jL duljj3 — duLai £-^)j-a 
<laa3 dul£j Ujj£uaj (jjdlal^la (jjalj-^. UalL \k\ tl^Aj .(jiiljAaJl <aia.ua ^jc. <jU£ e-iwtj <aLui>a 

L_fl JXM CjVlxajVl J dsl^l^a.yi (jli 4<i j)^*\ll ^aJJ i." U*v 4aa^)lail <jl^jil QA <^1^)^ J <Ia^.!>Lftll 

. dulj jp- cTil **i daUl^j jA <oajou <loj i<l (J£ (J^.1 qa <aii^_A (jj^J 
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<27-2 J 26-2 l.g.Vnj ^ jLk jlii^U Ajsldal ALaLk lilliA 

Q j i aJj)*\ a" aSjiLa]I o^Lai^Jl (j^uaj Lijj ^ja .E x ^*s V l-ijl C5^j 
c_fl^LlkV^ 1.3A c > iuu . A na 11 ^3 1.1^. Aillc. ^Jj (J ^lall Ajjaj (j^£j VI AlaJ^jjai 

Ijj . A m.ll AujAiA ^Ic- Aajaj Am, 11 ^3 l.ua.ViA a! j v3a11 (JlxijVl aIL^. (jl 

" ■* 

0jtij An*" L_fll^Jal (JaijIIa .AjC. Aj. 1^J1 Ja j^>d]l dl.lC. iAliS^j <UjjIa An*" Clljl£ 
ld±p> J_£jj^a (Jlxijl ^gJc. ctilE (3^JJ • dljli j3“ clljLuj Jj IjlllLoil 

^ =E x e x (2.109) 

# % 

O x z fc- 0 ^^3^)la]l .li^ll ^ x^a'^1 <AjJaJ^)C-j S^)Jj-£a3 Alixll Cl±jl£ Ijj (u£lE £_a 

: JUijl -i*aj Ai^ ^ ^ = 0 j 

^=011^ (2-110) 

^ (jl ^ic. <._ '>jj -(2.84) aJjsI*— alt £A Aa^-ioUA ( ^A ^ 

(^lliliioll) Jjliidl J LaAjuJ 0 ^j£.1a] 1 Jaj^jjalll (_jJa^)3 ^C> (2.1 10)j (2.109) 

01, J (2.109) ital*-a]l E x (jjj js^i » — a^AHi-V I (jt .o x 5i2lc. 

> 

Aaj 3 (jj^J .Cln3l^)C- — ^juo£^jj1 ^)a d ilm.l J^sI^aII 28-2 (J^dll ^^3 (2.110) aEIaaJI 

J ^)j£l ~1- *Qjl" ol-^jl £-A 30° Ajjl^) ^jj-£3J ^)J^a11 Aj^A^. (JsJ (JA — l^A 

0ii u^f l3J^ uj^ *G xy aJV^j 0 66 — 1 a^jLIa cijla^ikl ^.jjj !E X ij* S^a 10.4 

^I^a" a!U> ^3 Aia E 1 /E 2 1 AjJai^-iAll ^xiiill dllj ^1 ^a" a!U> <_g3 ^jiu-al E x j 

UJ^ E x j 0 n cjjj ^-^^211 .dusl 

1 1, u2j 3 ^jlAjJa (J^-l (j- 0 Ajl-3^ 0 1 “ ll *m 11 ^a^)*Jl ^Jj (J^iall Ajjaj 

Aix^ jjV 4a£ 5Lk2 (Halpin) o^lU j (Pagano) ^ .0 n _J ^ j E x 

^ja Ail ~A,JaVill o^A SiC- — Ja^.V .AjjAliSl E x Aaj3 t^£- 

Aaj3 (j\k (2.108) aSjIxa" ^gJj ciijla ^i\ Ajj1^^.V1 ^c. G 12 UjISjc.1 

* * * 

^3 (2.108) aJjIxa" ^ja G 12 l^^jl tl^Aj .1^. (JUtA ^3 E x 

* * * 
. l^_J ^jJ j* ^)JC. Aaj 3 ^tUlj j < 1 cJI*-a dl i j^3 
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£jli fO 


G xy j E x 066-5 0ii ®*LuiaJI cI&IaIjla : 28 _ 2 JluJI 


^3 4_jIja j (_j-aall (JaIaa «l}.l^j (J^l (jA ^ajjuiaII Cli^all (Jjajj 

l_$\ ^k 4-jj^c. ^ iu*ii till j j iCiljLilkl Sjc. Ua (jjjaljj .diljLii^VI (j-o <c. ja>a 

(JjaVI Aij^lall ^Ic. - Ia — ^Ic- ^jlijl ^a^C- c > i Uaijj -Jjnu, La£ — Ig , ‘ia 


. CjI ^)JAA ^JjjLj^I 


jjlc-U ^(Whitney) ^ill Jjall l-jj^I ^jl n^l (jAjJaJj 

^ T ^jxll U^U> JS2JI c£j^ ISjS j [14-2] (Pipes) o^Wj (Pagano) 

ciAaL^jI l Qx^ii jjl 3 tCilalaj o^c. ^ u^j .29-2 (J^jaI! 1a£ c^Jl^LVI 

<ljk*_A <jl-AjJa (illiA . ^.J^aj-kA cJ^ jl L_J ^ijVI _jj>^a! jl ^a A*n Uaj 1 atjA'N Lg^Lill 

dJlC- <£Iaja 1! oAA (j^£j (jl A-LaJ^)jal L_J^jjVI A^IajoI ^C- Clljlj jl^_^.l ^-11-^. 

<*-iilall c > \ u*n Aj^JI ^^a^iall (j>i ^aII dAjja,x«^ (jiaxj ^Jaj (jl (j^AJ ( till j £a . 
CillfLa (jj^al jjW'l ^C- L_3^ijVl ClAjlgi <£Iajoi ^Uj L_L^J tLa^AC- . L_J jU <aj3jll 
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A ^9 Jjlikyi Ig * a A_3J^)laJ J.a^ll JL^jj J^J <_ja AdSliJal 

ji Jiil 1 L-Ujljl ^j'u^'i ^jl . (jliikVI Ajjc. jJjIxa ^JallAll Clili L-J^ij^U 

Aic. Yj 2 (_>*aa]l Jlxijl (JjAjS ^»J Ijj .6^jlVl.d Clllj^l <£. j^'N'Q ^ 1'Wjj tA-illc. A. ai£ 


r 


12 


r 

2^t 2 t 


S = T 


12,,/ 


T 

_. 1 ult 

27ir 2 t 


•UJ^i t 12 (J^ (2Wf^ 


( 2 . 111 ) 

( 2 . 112 ) 


iLjaji JaLxa 


G n =~ (2.113) 

Yn 

^,K'u tudlj £AJ • (Jlxijl — ^,K'u <_JA ^,3^ 11 ^juiill J^.1 (_^}A 

l^lliujl .29-2 J^jaII ^jJa jJ Ia£ IaLqJ ^,3-vs ^)JC- C5"^ ^aIII (j-saall Jlxijl “ (_> £a ^ 
C5^ ^jl-iLVI JaLxaII ^ja Jlxijl — jl^-^.yi ^ i\'u JaI£ ^I.W'u J V^kJ tcdlj 

(Jones) Jjj^ j I [15~2] (Tsai) c$l^j (Hahn) oaU J*i IaS iAjLxJI c^Lklll 

IV i 

<j£^a1I ^1 ^aII cil^jWi 4_iJlc- di^^-jl ^xa .[16-2] (Morgan) <jlc- ^^aj 

.(2.1 13) aJ^IxaII ^ja ^jIjjjVI cj^>^l JaIxaII ^al . w"uj.iIj 
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^)1 n^l jyk SjLLI ^3 <LLaj (J-gLla Aj.wM ^)l n^l .1 ^.jj 

^(Shockey) 1 ^yiVnj.Vu^ll^ s 4_nj l_JL^1a3I 

* * 

?!> Jj\\ aS 15 jll J£^j .[17-2] (Waddoups) o^j-^'j jj 

^jC- (jjLj^A 4_2il] 4 jj^a]I (J-gIxa 4_aj£ (JL (_cHI L— ill x^i* Lll 4 _^.j 1 g.Ajjq i 

(J£joi]1 ^ A n ^ll (jjL ja^. 11 c_ i1L*o*1a11 ^jL^JI A \j^ if* \ j .aSISjI] Aial j>J 1 <-<uall 

o is * ; 

Jl a u,n'L 45 Ajjl j jjc. — Ljaljjal JIaj jIulo pl^J <11^. cilL ^jc. .30-2 

Aic. djLLg^Vl L_Ux*iJj (t^lL £_a . ^Jadla S^>J-a O - ^ _ X a!1 

L_iAj-all ^£^a X! ?_ll-^> (j-a l_j! jjaVl V Ajli ~c > nL^ill LI j_j 

^jL^JI jLlkl Jj _^)JajSl V tcillLj 4 l_uL-^ 1 LI jj ^jc. .^Ll9 

. Ajg.1 **)•> J (^J-a^ll <LLa] 4_1io)La ^jjLii oLl£ — ©_JjAa Lljj £_A — L— llL^Lli 



iiiii 


$ jjJa^uil 4aL <_$J uaILaLaJ jitaJI jLu^I :30-2 J^u^I 
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4JLu*]| jUlkl : 3 1 —2 


j' iijJ j&j w '^* Q ^ ij i^kliS j~>.\ j_] 

J jU j (Stansbarger) jt j (Whitney) ^ j ls^' 

iV > 

a£joi <ja £-La3 £Jjl clliij (.^ j& y*. (J£jaj - [ 1 8 2] (HOWCll) 

(j -0 ^3^)^ . IjlijlvVt 31 “2 (jdJJ Ia£ ^jdLliilQ (J^la C5^ 

£jJajj . IglixJ £ j3^ t4 A .lie* jLbJaali 

> > 

iciilj £a ^^3 l** tWj^ cJaiuJaJj (JdA^j ^jUaj O^JJ-J (j^ ja^ a!1 


Jja <Li3^)Ia]l (jJAJ A ’ml' o^A Jja A ^.VtA jlilkl 

Jjjjj (jl Ia^)JC» j djl^)jjti]l c j£aj . 1 g U* J j ^.Ic.1 -lk^ 

^_ya 3 £-o . £31 ^11 ^i3 ^ja ^ai^.1 ^jIHaH djl,Ajjq’ ) 

<]l_A*Iiujl ^j^AJj ItUjj) ^)1 n^l tdil^jUall 4-C-l u^i ^^3 £_uj!j 

. l_g_±A ^)>aq^ki ^.Ic.1 Clljl^ ^.Ijjuj (.** il >^p Aic. 
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lj) j-iaaII A-ua^Lk 3*8*2 


4 ^}£iil Aij^i diLuiUaSI ^cjliiil ^iiJajj£ t 3-2 (Jj^Jl ^ 3 -»».j 

— 4 4^-L^. filjLa Aj£^a J I J-a £JjV A 

.49® j^li^ - ciual^c. 


Au£ja]| j| jaJI (jlaauj Ajha ill A j^nKjall CjIjjaaJI :S 3~2 


(i ,\ %* a it ljLv jii a a.\^*sa „ a \\ 


Aj^aldll 

Lj^)j)*\*a al^k-a Aj^^j-a 

AjjIj jjill 


UJJJl ur^JhyJ 


.49® 

E, 

7.8xl0 6 

psi 

30xl0 6 

psi 

30xl0 6 

psi 

llxlO 6 

psi 

e 2 

2.6xl0 6 

psi 

3xl0 6 

psi 

0.75xl0 6 

psi 

0.8xl0 6 

psi 

Ul2 

0.25 

0.3 

0.25 

0.34 

Gl2 

1.3xl0 6 

psi 

lxlO 6 

psi 

0.375xl0 6 

psi 

0.3xl0 6 

psi 

X, 

150xl0 3 

psi 

200 xlO 3 

psi 

150xl0 3 

psi 

200 xlO 3 

psi 

Y t 

4xl0 3 

psi 

12xl0 3 

psi 

6xl0 3 

psi 

4xl0 3 

psi 

S 

6xl0 3 

psi 

18xl0 3 

psi 

10xl0 3 

psi 

6.4 xlO 3 

psi 

X c 

150xl0 3 

psi 

400 xlO 3 

psi 

100xl0 3 

psi 

40xl0 3 

psi 

Y c 

20xl0 3 

psi 

40xl0 3 

psi 

17xl0 3 

psi 

20xl0 3 

psi 


(Jjj-a^JI (jk^j AjjI Sli$\ D^LaoJI ClL^Lalx-alj CMlol! A^-a-a o^A .bu 

£-a .(CjIju^jj i^C. (^Sj ^3 ijJJ (_£^ Cj L iSl^C. ~ ^juVI £^** UjJ W) J-*1I a^A C5^ W^" 

^\\At.s-i\ ^j-a l^al , W‘uj.) 1 *> . VNJ Vj 4 JV 1 ^ ^JjJajall a^A ^) UJM 4 c*il j 

^ \\ L_ Liill A’n.wll CjLa^LlaII ^l.^Vu J 4 __l^. jjj (.** n*\ 4Aj£^)-all dil (. La^V I 

^cjlliil AjjujLujVI A Ajj-aLk j 4(_£^)^.l a^)-a .AJajl^ll a^Lall a1a^.j 

(j-a Aj-al_kj| t> yZLi ~ ^_y^\ 1 ^cjllij] A jJa-QUl j ^-aJaLlll — ^-aJalill 

A jJ-i^a*i CliLii^la £ J^A-ali ^ (j^ . (dual J LS J ^ <-)" 
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^jit'n ^jjiuj .^J jVi Al2/Li]l J^.1 <j-o JUijl 

A_daLla .lie dlO (Jj-aall ^3 .A_lajl^]l oJLaII j l \)W\ ^ya Aj£^a]1 
(JLajcLjjI ^sJJjujj . ^ajiili ^)jiu ^ j' 1 ^'^' ^r G_L-aj Aiila^)l] ^ 

^3 ^aJ 4L_Ali^ll l^A ^_yA jJa C (JjI_uia]1 aJ!LJ ^3 3 “2 ^9 

.12-2 j 1 1-2 t _ 5 Ac. Aic. ^Ijl3 1^Lo*jjujI £_al ^]l 


^Ualit lj! -^ 1 jj 4 u£jaJI ^aaul 4 jlia^l Aj^jll ^jall CjIjjaaJI :<-j 3 — 2 

(<As^ 


AlaUJI 


Ijjj^a Sl^iLo Aj^^a .il^A 



£^0 

OJJJJ 

cr^jd 

dual^e 

49® 

Ei 

J<^L line. 54 

Uui 207 

JliuAj 

Uyi 207 
JUJ., 

(JI£jjjIj lit je 76 

e 2 

(JI£joiIj 1 it je 1 8 

(JI£jjjL lit je 21 

(JI^jujIj litje 5 

cJI£-ojLj 1*jc. 5.5 

^12 

0.25 

0.3 

0.25 

34.0 

g 12 

(Jl£juAj lit JC. 9 

JI£ajjIj 1 it.jc. 7 

(JI£joiIj litje. 2.6 

(JI£jjjIj litje 2 . 1 

X t 

Uj- 1035 

Jt£uL 

lij- 1380 

Jliucb 

1035 

JUu 

lixa 1380 

Y t 

JILjL L*-ia 28 

Ujx 83 

Jl^L 1 *-ia 4 1 

JliyL 28 

s 

(JI£jojIj lit_lA 4 1 

(JI£joiIj Ijt-iA 124 

(JI£ajjIj Ixja 69 

(JI£joiIj 1*_ia 44 

X c 

Uj- 1035 

JliuAj 

U 4-2760 

<Jl£yL 

689 

(JI£jujIj L*_ia 276 

Y c 

(JI£ajjIj li_lA 138 

(JI£joiIj Ijt-iA 276 

JlluL 117 

Jl£joAj lit_lA 138 


(jxuJa A-IjujLujV^ djlilliAll j a^Lai^JI CIl/LsIjca Jxj — 

Aala^l Ajqj^s ,1 j.i^j Jj — 9.2 S^iall ^a — Jaiiij J — S^Lill Aj^n^ll d ilj il jl^V I 

(JaI£ <jl LiA (. . 1>J . ^jIjj pW^ 1 ) djVl-^3 <xjJaL^JI ^liJ Ajj^Lj 
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(JA AjIHgj OC-Lud^. (J^.1 ^JA SjLgII A JagJ*^)]! d Ajjj -iOkLU <391 ^a]1 CjLg jJ*a1I 

.<±Lal_UC-l ) g^-aII aILLj jl_ 2 _^.l djVL^. q 4 <L»1 nr.1 




: 8 . 2 JjLuiaII Ac* j A yA 

.LaII djLjjLl9 ^j-G Aiisi ^a^ ASTM ^ djllx-al^A ^jC- 1.8.2 

.1 g.A^T^klj IaI^I ^aJ 4 8.2 Aijj-a^All 

Sg-l.AG-N .Ij.wM <jj^)Vl JjjLuVl L \ks-i d_l^-jl 2.8.2 

.^uji ajj^\j ill] 


^aI IaII Ajj^Ij AilSjl jjaaII 4 jil n AjUaII jjjbua 9.2 

^j>GjJajj idlli £_a .Ajj_j^_a pVU. Lg SjLg AjIHg djLoiLifl A_nllc. .IaIaj 

Ajj^Lj ^ ^al <jj ^j^aH AdljJ AILa. (J&l ^Ic- AaIxII A_iLg*JI ^aJ-Gj^alill <1 Laa 

Aj^)j)*sa11 AjIHaII q C- djLG^Lt-GlI ^I.^VugV Aj^IVia AiL^la ^l"i Vi il^Aj . ^)j;*sa11 

(jjLil^A^Ji (JjLaa (Jj\ Vi cj-° 0 jLgII A JagJ*^]! C±L\^\ ^j-GjJa 1 g,j\c. ^aJ 

^j < g j*k ^9 aJIs^j AjIiLg cIjI^ia-g (JjVug^gII (j-°j * ^jI*sa11 © j-iVIa 

dJ jjaaII ^Ac. Ia^jjC. ^aJJ Lg A_3J^jia dj.WA (_ja Lj V dllLlj 4 A i^aaII djlAlVaVt 

^_uj jiill IAa JIq ^9j . ©jLgAI ajjujjj^)]! dAi^yi ^j-GjJa dJ jjaaII aAVaj old! ^^9 

(jc. lAi^. A_9 j^)Xa]1 ^JAHaA ^_lA-£3J 4 0 JLgII A jAGj^^jIl CAJA^\ ^JAaV A-LoU^a]! CjLg jIxaI] 
djUlVl (JA .IpxSl du^J .A-Gjall A-GJ^C. A JaGJ^^H dj^LtijVi J AILujJJ^SI dljL^V^ 

J] AiLjaVL ddi djUtLalS ^jj^aII JjjVaII 4(jlaV^L! a^aa!! Ajj^5Li<J1 

- ; 

(j-G ^c.1 AjIiIaII ^j^jIa^iVI dj^L^vill ^ 4*4 4dllj 

(j -0 O -0 (j J)^>Jaa) Ajli AjIHaII J C5^^) ^^LuiaJI djl^jjAA] 

ci^j ^)l_l X a£ L^JLg*JagIj AjIaaI] Aj^JJ^aII dj^LjJ>Vlll jLdiJ 4 till j ^-G .|d^ La^JI 

jL-aj9VI Jj fiiA ^ jAltll Aoxg ^ c_uxg11 j j*jj) (phenomenological) ^ jaI jt 

JL^Jl JaA^ll A_ij1^aLj (JjjJ j jliVVI d J^J Jai9 A-IjI^a] ^£- 

£.Lja9 ^9 ^Ixqli ^ LiVy I dlalxA Vj^jllA ^Jag iLg A_iJU^)d Aj^jILg jLgjC-1 ^'uag 

. AJoIaUA (.** \\ $\x A £A jl^_^.y 1 
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(jC. P-ijlj^dill dAj^jajl! ^ja <Jal*nAll ^ la qll CljlaixA Jjl&d (j^AJ V 

(Jjixjixl I ^C- <j3aa!1 aJx^II 4-ijljjdill CjLAaxII "P_1aI£a" l_g_i3 ^aJJ ^lill 

cAj^Al^ia ClAj^iaj £a (J-olstlij ctilli ^ja V . ^14^.1 ^^.Ic. 3j) J> -^^ L ^ j£ 

.<1 PJIa^/I (_£ jjPjaII Cliil j^ 1\ ^Ic- j 4_il*_all tijLiftM C* n*\ 

jjjI xa ^ IAjIjjC.1 <j£aj tillijJ 4 CIjLiI^IaII <LLLaA ^lc- ClAj^tiili 

^1 gulil 4_iLoC- 4j^)laill (jl£ tj?\ ClAjjlV^ 



(yielding) <Jj 11« (fracture) (j^\) Jla^j :32-2 JluJI 


4_J^)laj ^^3 ^ jJ^aai jg Qa C- ^/Lib 4 Jo1»ua 1I ClilaixA .lx in 

(ciA^Ixa jl^ j3-ixa)j (^ c \\ qla a Lq^_Lq cJiiAJ .(plasticity) 4ij.iill 

ClAjl^-ll ^a^)J * ^)jl ^.a\\ J-IxIa jLgjsJ (J^)a 11 ^ ^LaJl 4jl_gi IaA^I£ jjJa^JI 

Ja^jjoi 3^ ^ja Jlxijl t." ll jW^a ^3 X aiA (J^)a 11 til ^Lmll ij.1^. 

> # 

t.” )\ 3 la a ^)x.ro"iVi V c<iiiL^J! ^3 .32-2 (J^jaII ^3 jjJa^Jl Jaj^jjoi £ja (jJC- jij ^)jo£11 

(_ja till^£ l^il qa ^aC'^llj) ^jjL^aII JiallA <j^)a 11 til jLJl 4jl_gi Lgij£ LS^~ 

•* f . # 
^ajj ^lill 4_iiLiiL^Jl ^J^IaI! ^)Al^iall ^ qVl l^jj .((bristle) <L-£aill jl A.xAig.ll il^xill 3^ 

t."nW ^1 j ^ t tijljjliudA ^\_x3 JIaj j tlgjj.1^. 

.Ljali^jl 3^ pW^] P-^^PJ^* 1-0 *^ Cr ^ 3^-° 


^.Lja3 ^^3 C <>1x^1 jl ^Jajudl ^IjlVi liS^A ^jj 

^jdJiJ C-lpf 1 ^ (^ 5 ^ » aJax^^H ^3 t >> Uni \a 3^**1 ) ^lA*ilujl 

0 ^LaII ^\ a '\\ liAj . ^jj^xj ^3 4jjJal^)j3l aiLo 3^^ (j- 0 a 33 _ 2 3^^^ 
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ll j3-a« a\\ o3A — La Aaj^)laJ — Liilc.j cJaiuJall ^3j -Luill ^3 ^jLaIa ^)JC. dlljlliAJ 

^ ^l.W‘u3U AjjaLia aJ.}Ixa 1 (J£ c*\\aj — ClAjW ‘ia Ac. ja~n a jl — ^ i\'u Al-axJ^j 

aIjLxa £a Cljl jIixaI ^.W‘iaH AljLlaA l n\c AjI tillj ^jxJ . ^LAx-alill 

^jl 4 l\}\c- j .aJ-aj-alill 3^ 3-° ^ jfisus libUaj Ia^)LqC.I 

c > luti'i ^^jll Cjjl j^JI £-^a^a] A_ilajujj jl A-IJU^J A j'aC. 3 c ’ SjUc- jA .li^.j Wia 

. AjWq'i Aj'ac J*ijo*in ^ Ja_jaj Lijli tl^Aj ^Lx9 



40/1*1 ^ i\u *-a JxJI AajUj Axual jj3| ljUIox 4 : 33-2 


. 3L^.V1 JaAJ ^ ic. ^ W‘ia\ 1 AibUaA (J^Lk ^_ja cJa^Jl f. jj*A 

^Likj A \\& A9^)xa 3 C> Ia^ac- <L-ailA ^.Wu 3^^-^ u' ^ (3 i»j 

cIj^jIa 3 ^^^ *> ^a ^ i*\ *ia 11 3^^ aj a )\a ».1 c kx-aj 3*^*^ 1^3 .as^j SjIaII 

^^axaII a. aj^c. CjI jWi a ^ ^\1^\ jjj Ixa aJIc. 3]" :(John Hart- Smith) 
cJjllJ ^A J£ jL !Oa cillj J.b .[19-2] "I^j *£*c. V c^UkxA Jalis ^ jji 


(J£ja11 ^^9 S^^IaaII ciAxj^aII Aasl^-^l j Xt, X c , Yt, Yc SjLaII aILa^3^ ciAaL^jV^ 

>». ill 1 g ksix \ £_a Lg2aljj^)l t. . i^j IjjIaI ^JLilLj cLaLaj l iI’Aa 31 ^] -^aj 33-2 

X c 3^ tL qj'H 3*' j* Xt 3^ L$^y ^ ^.Wi4 aIuaI^j 

3^ t Aij)^j>^A\l 3-aat, ^14^,1 Yc (J^ _JJ Iaiij Ai^3j-xA]l ^>au£ 3^^ Yt 3^ cA^lxiji 

3£jaj 1 iI'Ka 3__^H (jli^j (X c aIL^ ^3 3 j)j‘iill jUI SjIaII c^l ^I ja 


3^ ‘14 A.J^ixJ^J Ac- jViaII 3lia.yi IIui 3 ^ (_>*3 tl^Aj . 

A jxxa OJ^ll SjIaII AjIHa (.** ll jJ^xa Jalaj JaLij^l 1* \ c > 1 Ujj ullljA cAij^JI ^3 . J^)ilA ^aLaa 
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(j }A Ajli£ 


<jl9 i cil] j £a j . j (J^Lk 3 A 

a! 1 Aihl 3 -i.q Aj^ULa £_iij 1.^-lj ^I.^VujjVI 


. A-j.^jVq* ill A jm.Vig 11 (j- 0 4^“ cJ^ ^,W aII AiijLlaA A j\aC. ^r ^ n 

^1^-dl aJL^. ^^9 A_1a li& (^.W'^l AjJa^C. (Jai l ^ia 1I A_ajUaA A_AaC. <jl c*ilj £_a Ja^.V 
^gi <ailkA I^jUIiIa ^jj^j V Jtllljj t^^-^LiAll aJjIaja ^jV j t^^-^liAll aJx^u 

L—lx-all ^_gij A-b>U-l]lj ll j3-iXA 34-2 J^l (j^y .A_aii^»A]l CIAaL^J^I 

!1a A_9^11a ^jjIaa Aj^Ij £_a ua'VI j ^Uall j j 

*m,jj t^A^-iC-V 1 ^-daLill Jjljird _jLix-a £_a (J£ja (JjJaSlj c_lx^a]l <-” ll j3-i» a 

A_aj9 LaAIc. ^AjoiA^ A_L-£a9 A^j^Iaj ^l^jj *". -lJ.1^. (j 

6(JjIaa]Ij A ,Jxa C jbl^VI ^-i9 ^jC- i c^^jj^aII ^k^. y ^\ 

i ^ ~n. \ i ^Jaj.jjl jj A_ja 1 AiL^laJ ^^iiaIV^ j 'S^ j&\\ — L$ (j^lx-dl l qq Vi 

^ic. ^g-ujLujl (J£joijj ^jjl*_All cijl_ila*-A l q \\ ~**fc a ^aV(ij — Iaj^j (yielding) 

(distortional) s-ljalVl AiUa jjlivl jW*-* j (j-adl 

. 1 Ag \n J (von Mises Q^j±A <jj9 (jjlivj jUxaj ajaJo c.S/1 


^9 ^ aJ^iC-VI ^.AhliSl ^)LiXAj ^,a3^C.V1 OW * -0 (3^1 3-i n 

^9 l,Ag kj~ix \ (jc. 3 I q\**rV l,Ag \^\ J i34-2 ^9 CLilUillj cij^^ 

Cl_ll 1 AjaI^C-VI AiUa ^Ljxa L&-^ .xjI^IIj ^liSI 3JXJ3II 

1 Ag , a 1^.1 j (JaJ j QUAhm !>l£ tAjA^njll A jA^lili 

3A ^jJal j ^cHHuij . ^.A-hcVl ^g-dalill ^Ijxa aJL^. ^9 3 A Ia£ cJa^9 

^l*Wi ^g^9 ^gJllilljj t A q\'^A 33!^ (3^j AaV^aII ^jJL*-a]1 3I 34~2 

?Aj^ 3 a 11 ^1 ^A Jj Ajjoullj JjIaA ^l.vru,i ^-5jJ c > .<C.^I1 a jjjIxa 
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O Wj* 

• ^ 

0l/o 


:34-2 

([20-2] Murphy ^ jj-« JjS <>» A 4 jjL^sa qa ljI J™ 4 1 1 ^j 4 %1 


^j-sak-lij L_fl ^*jj . ^) j%a 11 A_fjl_j!j 4-ljA%li ^Ac e^lall I^A ^3 LiaIajaI 

^jIaxa ( 2 ) aJ-*icV 1 ^jIjaa ( 1 ^ aII <jjIjj AjIHaII ^jjjIaa 

(jLaS^A ^jLiaa (4) — ^jIaxa (3) c^-aJaC-Vl (JlxljVl 


^jJjLxa ^*ja% ^3 o^LaII *JJ — iS^-^ (^)jxAi‘n) jj^a ^)l_iXA (5)j 

LaLaI 1 n^Aj V tl-^A j . 4-uijl %1 a l^jl ^^Ac. — ^^.LIaII Igjl ^ja ^C.^)11j — oIa 


^Aj ^)JjL*-a (Jjaj c4_iaiij CllS^ll ^3 . ^ j^>ja!1 ^jIiuiaII ^1 C- ClllAll 

1 Ia 14^ ^.4j 4%11 cA jLJl <!!_%. 4_1 a (J£jaj c-I^-^a ^jl 


ja£j .^cA] C^.jlx^alll A jIaC. ^ ^UWlVl ^a^c. j _jLu^Vt djLu£j C > t u*n l'* ll jA^xaII IjmA 


(JA S^)jaI_ 1A (j^A*lll ^^3 A jl»,3 AjlllA C. <alatA £A ^ ^)l_iXA L <Axa 1 L Vlg.H 

• <j£^)A jl JA i'y A A f- ^jjh^3A AjjLajI ^ '■ -'•A *^f~- ^\ i ^ ^ 
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AjjIjj djlALgjsJ AjIjoj JjliVVI ^j-o ^jLaxa (j£ (J^l (j-° l_Sjjuj 

X (J aII Al_g_^.VI (jl c*1]a C5^S oI^La aII (Jja Vi vIxujI^ 

^j-ajJa ^)j>^a1I VijIjj djljl^_^.j ^Jj (Jj)Vn L_aLilVI £-a 0 AjjI^ *^ c 'J ^^)lV 

Alg_^.VI cIjVjIx-q ^j-d l^!)LLajl .35-2 (j^ La£ viiaLij^)]! d il j ~il a^.V 1 

Ajoi]I ^j-o C^ -0 ^^Aj] Vj_J^^-a V^^-a^J ^jjJaj (J£j <_j^aj V 4 3 5 _ 2 (J^dll ^^3 

^j-q <11^. ^niaj ^j-a Aj V cIa^A j .SaLaI] 4jx*m^)]l d_lljjlA^.VI JaiuJallj 

.JaijJallj AioJl £ya 0J^a Ja^jjui ^J)] l 3^^"- dW* -0 iS^ ^)1 /*v^l (J^ 


* 

<2> 



0 1 = <r K co* 0 

02 - <T X »Jn 2 0 

t 12 - -Ok slnBcose 


jjvalt £ jla. (j jlV JjaVi (jC- Va^U jj)%a1I AjjUj CjIjI^aI :35 — 2 J12LJI 


(J^-l <_ja (JjliVVI CljLiLax-oj Lo JjliVj ^)l_i*-A Vj^ULaII d iI.jIaC. A_i21c- ^Jaju 


^j-o ^j^aH 0 Vjjl^Il £_jIj LS^" 36-2 (J^dll ^^3 jrU.j — ^jjo£ ^J uj d l\ j3-aje a 
LaIiJ 4&£^1aa ^JjljAj Ajoi]I ^A^)J - [2 1 2] j-l».x>l'i J Ajalll llil£ (J^.1 


^IaVLjjIj Ajui]I d il jI-ixa (J.> -aJI £ .JaxjJa]l djljJ'aat.al S^^Laa!! C1jL*j^)a11 ^a^)J 


d )\, nc- (JLaxjjujIj 3-?*,^ II djl jj-aatA ^aJ l auj ti^_il£ll A aI-iC (J^du d line. 

jrU.j — II Ia$J ^_^)-aa]l <jtiA 4 _aj3 £_Lj .VaIsIiIa vlilailuiA 4jjJa^)C- ^JaLLa CIjIa 

.3-2 J j^JI gJ (41 Mpa c$l) 6 ksi <> Vaj (55 Mpa ^1) 8 ksi 
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([21-2] Tsai ^Luu Cfi) — ^ j^ 1 * A *36—2 


Jl$. AVI Jliil jUta 1.9.2 

(maximum stress failure aI^YI li^-j jW *- 0 yj 

(j c. sjiLail aIulujII ciiliil.ia.YI ^ cJcl^YI (j* J£ 4 _aj 9 Jij ji i. . i^j 4 criterion) 

: ^jo]I Clbl^j ^ya t^lli ^.\x ) . yL-aLa. ^jl9 Yjj 4Aja9lj^i]l AjLin]! 4_xu9 

(2.114) 

I-laxiCall Clllll^aJ (J ^.1 tlH'J 

(2.115) 


°i <X ,,<J 2 <Y t 


<*\ > X c ’° 2 >7 c 


iclUiS, 


kl2 \<S 


(2.116) 


^2 lij .8.2 ^9 1_a£ 12 X ojfujj ^jc- a l£l . u ^ Ajlilo (jl ti^v 

sjUI (jl iLcicI Ucic. 4AiL2l (inequolities) ciUia.1 J 12 I ^ yjLcii 
^ V . JjA\ J* S j X t , X c , Y t , Y c , _S Aia!^ Jlii] aJ <> ci^J 99 
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A 3 \\ ^3 dlljA l^A ^^3 3 Jal-Ajl (jdJ (Jc.1_9j ^^iC- 

.JliaJ cU\ l^yiA ^. j A_iC-^)3 ^jjjIaa 

>.” i Vi ^joi^ji ^ ^^ic- *> . ^>j ^aI^c-vi j-iAA (3.).^^ ^jc. 

^iic.1 iJliiAll J^fuj is^ 0 -SjIaII aILujjj^I c." ilj'il ^.y 1 ^ cijljl_^.j JJ J jlik^Vi 

£a 0 AjjI^ <xjJaLk ol^k-a <j£^)a <3l3^) [21 — 2] (_£Uaj 

jj*\a'1 4_jjIjj ( - 5^ Cr (Jj^^ pty *35.2 cIh^ La£ 4L_al_JVi 

:^jc. x g ^ja djLaII Ajjujjj^II d il j’il \ 

o; = cr cos 2 0, cr, = cr sin 2 0, t 12 = -cr sin 0cos 0, (2.117) 


(2.114) Cj7cLx-allj j (2.117) Cj7cLx-a]l c__iAb ^_y a italic JatJj 

j*j_aSn X (T ( ^ .o l^& Sn (_£ jja-all jlg-=2l0 ljj$^ (2.116) 


X 


cos 2 9 


<cr < 


X, 


cos 2 9 ’ sin 2 <9 


< a < - 


sin 9 


cr < 


sin 9 cos 9 


(2.118) 


^_yi U-a JaxjJallj .laoll ^£^Ixa 7 l£ ^xa^) ' '' ' ^ i ^j 1 _ixa]I 37-2 (J^xail ^jJAJ 


lA^. Laj3 3-2 ^9 ^ .' ^ ^wajl ■ -->< Cjli £U.j ~ ^ aaS^J-jj (_^a <j£^a ScLa 

^3 AjcL^.1 <j£^)a]I ajLal] ^ : J a\l ^xa^) . LiijLxa ^jJxal La£ t (_jxa3ll <jlila 

4~ua n^)]l CliLul.la.7t CuULaul j (Juataull oLaut jjj <x3t_j]l 0 Ajjl^il <17 -a 37-2 J^xall 


^ Wlatt xCL**'j i " ij-«. a-lllC. <ixxalla t“ '' 0^ *'^S ^ alacV \ jlg_a.7 \ jL «_a . .< clj .aCLal] 

Jl 

djlj3-»» a 11 ^>AjJa AjIHaII Clll^lij ^3 "Aj^isii]l" djl$. A ^aJJ ^aJ .<jII1a11j 
^jIHaII (jia^)A J;i*j Jjaj V Jj Ailda) .4_riJ^)^all 

. jj*s.a' 1 A-ijlij <jIHa1] j3*a ^jc. v^.j tl^Aj 
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u afo&Sn jb *»4 : 3 7—2 JJuiSI 


JlxiftM (jliij 2.9-2 

(maximum strain failure criterion) LS A&Sl\ JUijVI <jUa.j jU*-» <jl 

jjSj (JUtSlVI (jli 4 cl] j . ^aJaC-V 1 ''*■ * y y < I Jjlikj ^)ljx-a] 1 (JjLa-a 

I^J lia J LikVlj d±JLix-al SjLaII ^jIj (J^j (J^jun . dll 1 liA oJj.W a 

iaJIiII dl^^.1 jIaII JaVl S*^lj ^qVn J li] jLixaII 


*,<*,, £ 2 <^, lr 12 l<-S-, (2.119) 

I-LlxdajV! J doll ^ 4 aII dbldJl dll jl ^a! 1 4 u*nllj Ldjl ^ 

^>^ £ - s 2 >Y Ec ( 2 . 120 ) 

: ion, 

1 oLLVI ^AyuS (Jaiuill) iiH JUijl = X £t (X £c ) 
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2 ^ (JaLjJ) aAS JUijl = Y et (Y £c ) 

.2-1 ^ooll j-ill JUijl = S £ 

^j 3 l^j S^LujU ^.a 1?C.VI Jlxijl JjUj V 4(_j-aall <jllLa Jl^£ 

d A juI ^ 3 CiVUijVI (j-Q U^-Lajl £j ? £2 ? Yl2 SjUH 4*u*m_^II dj\jjl^.VI ^3 dj^UijVI 

. ^)U*_a]I (Jj 0*11 JiS tJljj d-L^JjVlll ^Jajoil^j ^a-ui^jl 
£A 0 4 jjIJj 4_]jA*S.l <*_jJaLk oIjiLA <j£^)A SjLa J^.1 a 

^ill jUU t ^JocVl jl_g^.VI ^)U*a ^jc. 1.9.2 ^3 JUl^l - ^U iaII^ lUUIVI 

:^Jj U£ t X £ }Y £ dj^Uij^U c^llj ^ja Ls^Llajl djUlg^^U <L^^ajoia1I 

: JUijVI -^WV 1 ^£Uj W 


^ =^(^-^ 12 ^ 2 ) 

h i 

^ 2 =-^(^ 2 -^ 21 ^ 1 ) 
C! 


( 2 . 121 ) 


rn 


^ 12 


■ 12 


: ' ’ ^ ~2 ^ ci/i w ' ^ 2^0 ^Jliilljj 


(Jj = o x cos 2 6 
cr, = cr sin 2 # 


r 12 = -<j x sin 0 cos 6 


(2.122) 


:cA£U11j C^Ui^l ^3^ *(2.121 JUij^l -3^ ^UE*e ^ 


s x = —(cos^ 0 -o n sin 2 #)< 

E\ 


*1 = “(sin 2 0 


-u 21 cos 


4 


( 2 . 123 ) 


/12 = -——(sin# cos 0)0;. 

^12 
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: I ^ jljx-4]l A±iaiill Jj2a 4 j 

X Y S X Y 

X E =-L, Y = -*-, S £ = , X £ = -S Y e =-e- (2.124) 

h\ h, 2 (j 12 h x h, 2 


4_Aj£ t(<jjjULa]l (3^ ^ * J X J£ L ~7'J ‘ ^jljj ^jl dlliAjtll ^jS-4j) 

- ^_Ic. j ^-21 ?7 jLii. J J'' ^ 4 \ \ ^ ^lAr-\M (JLxijV^ _jlj*-<s 


X, 


cos 9-u n sin - 9 


< cr, < 


X, 


cos 6 *-u 12 sin' 9 


Y ,. 


< a, < 


Y, 


cos 2 9-v 2X sin 2 6* ' cos 2 6* - c> 21 sin 2 9 


cr, \< 


(2.125) 


sin 9 cos 9 


(2.125 ^^3-nc.yi j^jll c_s^)L^Jl 

(jlLkl ^)L ix-a c-lja^.1 ^3 (2.118 (jlaiJ j 

Ajjoij ^_Ic« lf> <Q ^ aC '^ 

JlxijV 1 Jjlikl ^)l_AX-G ^)l_iA-G 

(J^.1 ^j-o SjLaI o^)3 joaII e-ljij ^.,0.1-iC.y 1 

^jjj — AJjL<la 38-2 £3j!i]l j (jj . jj*s.a'1 

I^Aj .37 - 2 ^^3 ^cJaC-V^ 4-^-^ — L^.jjJa j ^)j£l <Jlljl£ 

.^U.j — ^j-Q <j£^a! 1 O^Loll C—LujIIaII ^)Li*-A Jxj .l^j 
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([21-2] Tsai ^ 1 > »1 1 liij) ^ ^jlLi .1 jIojui : 3 8 — 2 (JuJI 


Tsai-Hill JliiVi jU-* 3.9.2 

p jluca [22 - 2] (JjA 

(G + H )cr, 2 + (F + 11 )a 2 + (F +G )cr? - 2 FI cr,cr 2 - 2G cr,cr, - 2F a 2 a 2 
+2L 4 + 2 M 4 + 2jV 4 = 1 


(2.126) 

jl ^UaJI jLi*-q ^a. W'udJ 

4c3lL3J Nj F,G,H,L,M (Hill) CabWJ J\ 

— o_jjAj — (j-3^ ^ ^ ^Lix-al LxJjujjj (JjA ^)Lix-o jAsuj 




£* 


. 4 


JJjiu 4>-° (JjLxU-G 


5SUJI 


>1 Ma \ 
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V Ajj^Ij ^1 ^aII ^3 .iWill ^jC- Ajjjou]! (Jj-a3 1 n^j V 

jliX-21 llvN Q^XXA Jjj V cJa^Jl .AjjjaLill AiiUaJ (2.126) 

.A_j^2u]i AiilJa ^)1_i*_aj S^aall l^A ^3 

AjJ\jjC.V^ CIjIjIIIaj Nj F,G,H,L,M AjIHa CIl^LgIaa Jajj ^aJ 

t ajoiaJ l ^ jjjj 12T jJ .[21-2] ^Lujj ci^ (j* Ailaj lM Cy* Sj X,Y 

:S ^ AI1aj 3 ^jl i u*n IaAjc- 

2^ =JT ( 2 - 127 ) 

I ^jl^l ^ajai^JI ^3 J id -J^ t (JjLaa 

G+H =JJ (2-128) 

:JS1 0 ^j jjjj 2® (j^ Gl 

■F + H=± (2.129) 

sii.j jJjJ 3CT O^J Z 3 oLaJ^I (JjSj li^-oj 
•f+G=X (2.130) 

1.^*1 ^ (2.130)j (2.129) *(2.128) i^hU-S ^ ^ 

:X,Y,Z J F,G,H 0^ ji j£\ .ibltsll aU£Ull JJ 0^*21 

1 1 1 ^ 1 1 1 „„ 1 1 1 
2 F — — ~-\ — -, 2Gr — — --\ — - 2 H— — rH — 7 — -, (2.131) 

Y 2 Z 2 X 2 X 2 Z 2 Y 2 X 2 Y 2 Z 2 

Jj3j 4_iU]l oL^jVI GjL^.1 *1113^)] 2-1 (_£j 1 lul 2I ^3 yiL.-.A c_)^ O^ 1 

^3 Ail3_)]l o3A (jLal sjaill l>“J •O’3 = Ti3 =: T23 = 0 ClJ^ ‘1 

3jSJ lillijj .Y— Z ^jj5Ll 4sjLa]l s-liJ ^ . .. '.'^ '( jiaLilll 4 - n . ajj 4 3 9-2 X *21 

: 43^*11 Jl (2.126) 2Llsl*JI 


o - !^ cr 2 r 12 _ 
X 2 X 2 F 2 S 2 


(2.132) 
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Ija .S j X,Y a_ 3 ^ 11 -<JI diljllla jiix^ 

1 .O 2 _9 lG ' Yq _9^ Ytj -Xq X^^ I AjjujIaaII ^jqII ^1 -1^-j 


jIxjVI C7p 0" 2 9 ^"12 f L S* L ^cJajuj jJjj jal} 

o.'n^.j 4 _aj 3 .iklj S (jV Tj 2 = 0 ^ jIuiaII Jj <Jjou 11 j i^Jallla UJ^ »l 'nualj^ 

. (Jnia 


t : 


O o o O o °o 

°ooojo°o 

o°o 0 o 0 S 0 oS°o 



1 dl^jVi LiUS lj! J dl^jVt AjJW ASiSjI ^JLuajP ^4 : 3 9 — 2 JLuJI 


SjLall C5^ C ‘ l^A ^3 JliJI (j -0 

diV ^L *-g J.\nJ (CJjJ t 

<Tj = <7 X COS 2 # 

(7 2 = (T x sin 2 0 (2.133) 

r 12 = -a x sin 0 cos 6 


i ajIHaII (Jja - ^L oij (jlLkj ^2. 132) ^9 


cos 4 0 

X 2 


+ 


J_ 

S 7 


1 

X 2 


cos 2 6* sin 2 # + 


sin 4 0 

Y 2 



(2.134) 


A_JL^. ^3 La£ ^)Jj 1 _*-q Aj^Ij ^ulj l-l^lj (J^xaj j 

t ftjlc. JaiuJallj Axlll ^IlxuS ^jl Laj .4ibljai]l 
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(quadrant) LS ic. aa!*j lii-Lj <jl Yj X LS J& i_jkjpj 

«< > 

c-Ljafl L \\ x,a l^Aj . LgjLjaS ^j-<uJa 4_iS £Sj 

. A-j^)j^k a\\ CLlljlilall AiC. (Jj-all ^-3 (JjjJJ C5^ b^A±u^ £_La3 £J (j-o 

\ dlLJax-aS! jLa*_a1 I 11 a 0 jtlj 40-2 (J^juill ^jjjJJ 

jL^jj ilij t^aJ .1.11 ^. JjA — ^LujlJ JjliiJ (J^ljoll (jjfLj cE“ 

43^ <C.^ILq CjI^. J j ^j-«a E- — ^-ua£^JjJ c_JjujLLq (jliaJ ^)Lix-o 



([21-2] Tsai ^Luu J^a— jL*-a *40—2 J ^> il 


i^ja S^Lall o^A (J^nJadl] (Jjlii (J^A - U^ J*^ 

JjUaJ ^)Li*_a jl ^xJaC-V^ (jli^j ^)Lix-G (JjJafll E“ ~ 

I (JjA - (_^L aU Jjlik] ^jLix-al L^.jjJaj (Jfll LjI^a tilLiA . ^.^J^C-Vl JlxijVI 
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jaia ^_^jV! jA 4ala^>]l a_i^.jj 4ajl^j £-a 4alaaJ! ja*a (jj (1) 

.4aj ^aW ^calalll ^ .lAl_2a V iC!ala.laa 

(j-a <0° (j-Q la^Uajl 0 .liljaa l-Q^jc. ^Ujoia 4alll<Jl (2) 

ji*iiV! j ^j-o ^i£ ^iaj <_£^! A-j^jj)^k^n ^a ^Lp^jV! 

^tVi 

_jV! 4_1 a ^ 1] ^.laj (Jj-iaSi ^A 4a^a_il!^ ^lax-all J^al jail ^j! (3) 

Ua^Ji ^xAjj ^Ic- c'\axhj 40-2 j 38-2 ^37-2 Jl^oV! 

.30° .lie- %100 4_i»uij jn.alic.V 1 (Jlxil^lj jlg_^.V! (_£jla*-o 


<j£Jj t JaA— ^Laij jlax-o ^ X,Y, S (jla^-Vl Calais <jaj ^Ia Jc-lia .la . jj (4) 

4a jj^.^ 1! Calali^V! ^alaj (j! (j^ajasa a^jLoiI! jajlxaJl ^a (Jc.lia 4112! ^ ja . jj V 

lP' '-A'-^' c." iK'i (j-aall CalaliaJj 4alLjaj*_ll j 

^all jjjIx- 2! <jaj ^j-o 43 J jj£V! jA JjA — ^Lujj — (jliaj jW* -0 J j.Ijj 
jlaxa> (jaalaj 4aLla Aaaxa itilli £-o .E — ^laj — ls j ~^ ~^\ aa^j-G (j- 0 <^Uij *■" jj 
<_£ ja.1 4a£j^a jlj-o 4aaJlxa> .4a*2 ^»! 4_ulA 4 -uj jj.1a]! o^L 2! (jj£ 

.(_£ja.i jjjIx_a ^aa. j! ^-aiaC-V! (JLxilV! j! ^.^aJaC-Vl jl^_a.V! jla*-a ^l.W'u Ja (JjJaa! 


Hoffman jUajA Jliaj jU*-> 4.9.2 


(Hoffman) (jl-GajA c_aLja! cJaiuJa]! j AjoiI! Calala-a ^a 4 ^>a2! jaxuSa] 

:[23 - 2] (cJaA - ^l-*jja jlax-G (JjjLuJ) (JjA 4Jjlx-a ^Jj 4aJaa. !^j.la 


(2.135) 

C 1 (^l - ^3 ) 2 + C 2 (^ - ) 2 + C 3 (^l - ^2 ) 2 + C 4 Cr i + C 5 Cr 2 + C 6 Cr 3 + 

+C 7 r 23 +C g r 31 +C g r l2 — 1 

<1 uluj 31 CllLul.li.VI ^ ^jaiill CiLitlaSI liDUajl 4jcuall C . SI Clul jj CI 112 . 


cs* “Sjj^ • S 12 j S 23 , S 31 X t , X c , Y t , Y c , Z t , Z c :SjUJ] 

Li£ t3-2 (_5jij^all (JjLijj ( <Tj — T23 = r 31 — 0) 2-1 (_Jj^jaLall 
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cJ jb*-. K 1 ‘(Z t —Y t ,Z c =Y c ,S n — i S 12 ) 39-2 ^ 

:JJ (2.135) m*Ji 


cr, 2 cr.cr., cr 2 X +X 7 +7 r 2 

1 — + — — - — i — L cr,+— — cr h — = 1 (2.136) 

X c X, X c X, Y c Y, X c X, Y/, S; 2 


-(690 Mpa jl) X c = — lOOksi nX i_ i'Lj jjic. X c 

. \ AA ^9 ^A Lq £a c3^ .J ^jI-a 9^A ^9 A^)^ La ^ ^Ac- 

( Y = — = — l 7 j = — X t — — X ) -LaxjJa]! j AjAJI ^jLuila ^j 9 J^.1 <j-a 

.(2.132) <!aI*_a1I (Jja — ^Lolj jLi*-q J] a9ja jLi*-a l)jj^ 

^ (ellipsoids) u^Jalj jjjUxJI !>\£ J 41-2 

£-a 0"j — (7 2 (_£ jLuia]I ^)AaLii<a (jLa9^$^ ^Jaall i °"p <^2 ’ ^"l2 

* ^ J 1 ‘'J S 


B = — cot 
2 


7 Y 
c 1 -1 




(2.137) 


X + X, 7 +7, 
— + ■ 


: SiC. I 

Y +Y (X +X,)7 7, 

a ? = c 1 + s ^_ji_L. 2.138 

2 2 ' 2 2 4X c X, v ; 

Aj^LaWJ P AxsjS t: li» L >|\1 J ^IIajULo ^_3 Aj jl...;'~M 2H 1 2zXi 

• origin l-iiJI ^ Aaill j £>« ^ Lmj <45 



Jlia-Vl jlaui : 4 1 — 2 jS24i 
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c_i£^)a CljLilax-o £a Ia^. Aj^. (J^ An (jLa9jA ^)l_iXA ^3ljJJ 

— 2] <■" n^l a ^ .j-^* a j ‘42-2 cJ5a!1 ^9 [21-2] 

.44.2 ^ [25-2] (jjjjj— c_j£ j* c \\)~xx, * 43-2 ^ [24 

* 

0~y — O' 2 * ^ IjjI ja'N ^9 j (j^ \a (_jIa 9^A JjliiJ ^jIjaa A q 

£a .(JjA - ^L ujj ^)1 _ixa ^^9 4a9I^a11 A xJ^qli ^jc. ^Vn (_£^ LS^ ^ L^ 

• Aju^jVI g-i .li^.j (j^‘^ ^al.W'u J <jc. ^gJt-ifLa (J^An 4 -nj nil aAA 'n chilli 

1^9 (jLa9^A ^)1 _ixa1 pAj^II IjI^aII iS'AU 

A \t,^>h‘\A ^jjjIxa ^ja VAj Jal-Ajl {j±i (Jc.li!ill 4_^J1 _xa LaA ^ajj (1) 

. ^.A.hc.yi (JLxijV^ ^jLjxaj ^ -al^c-Vl ^jIjxa J!1a 

VAj (Tj — (T 2 ^lAa^l ClA_iC.ljjl ^)A-\ ^ Aa^-j jLix-a ^Aa ^.w'u^j (2) 

c > \ u*n till A j c (JjA - (_^LujJ ^)l_i*A ^9 A \t.s~ik\xi\\ CjLoIjjVI (_^3 oJ^^.^a 1I ^Jaall ^ja 

.JniuJallj AjaII AjUIaa] A qV'i^^ 

(jjj ^ja ^jLixa -lajAjI ^jIa9 jA ^)Liaa naj i^iAx-ajli (JIaxAjaI ^ja (3) 

. ClbA^j ^glill jjjIxaII 



^Luu £fi> CjI jh* 4 11) ^IaJ— <^-ui£ jjj! £jt aSjA Jlikj jLjla :42-2 J^-uJI 

([21-2] 
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([24-2] (Kim) 



cr* 

MPa 


0*±*Li cf Cj Lla^ l) Ojjjj 


(jL»Sj4 jjlii! jbjca :44 _ 2 


([25-2] Cole JAs (Pipes) 
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Tsai-Wu jj JliiVI (j>aj) jj>« 5.9.2 

1 g,\j 1 a“i SAjAC- 4jli£ ^aAC. Jalij AAjUU! jj^aI! <UjUj (JjlidV 1 ^)JjU-a ^UtJ 

^3 4_J^^li]l ^)Uaa] 1 Jajl ^j!i]l /j uh-n.*<\ 4 i >>! ^ AjL^jla (JdAJJ . 4 < < ^-n.M1 i“ \\ ^li» a\\ 

SaUj [26~2] Wu jj j Tsai ^Ld ^oVuJ .^3 ijjII aJaUa a ja^J ^ac. $aLj 

J£d ^_^3 4 CIA-jUaH (Jjjaj <_^3 A-iSUiaVl S^jaa]! £_a ^ WiaI! AAjI 3-?a ^^3 oAA Sjjill 

Jju‘i (J^l cj- 0 A-jUaH AjA^. ;4 j\a»1! oAA ^3j ‘ (■JJ)** 1 * 3 * * *^) JP _>* 

^3 (j4J Jo- lid! 

(JjUdj ^Jajoi aIxjVI ^jaIAja dllALg_^.Vl ^UAaS ^^3 A^jJ 4_jl jj j (_£Ud (J-a^psl 

* jyi cjs j 

F.cr i ■ i +F v a i (7j =1 i ,j = 1, — ,6 (2.139) 

(3-a*JjoiI ^aJ dua. J i^Jljjll ^Ic. 4 juI jll j 4_ijU]| 4 jj^)a1I <ja UUa Ijj ja f.j j _/7 (J!iaj d n^k 

J (> •( Cr 6 =2 "l2^ ^4 = ^23’* 7 5 = ^31 ) JjILaII aI^V! j^ajj 

^gjj (2.139) aJaU_aI 1 (Jljadl ^Ic. UaLuaI j > <03 ‘t i fljjui dldj Oa^. oM* a (2.139) aJaIxaI! 

jJjaaII aI^a-V! Jajjjai dl^J _a.Ua]! 4-d^U aJIsj aJU* 


F\ g \ + F 2 cj 2 + F 2 a 2 + F l : a, + F 22 a; + F 66 c t; + 2F n a t a 2 = 1 (2. 140) 


^k 4jl±i* JaLoj ^k cjbl^yi ^k (linear terms) ai£ 

Luj£ ^k obl^yi ^ (quadratic term) U 1411 jA*. 

JaLoLcll (parameter) jll j) uilli ^ .dibl^yi tj^ab -ubLUt 

— ^bjjj ^k 2/2 = 1 / JC ~ _'' Q "' ■ L ’ aII Jit- (_)-alji-all ^jc. 4_ll£ . alj4 ■■ j JUJL 2 . /( 1 

.2 j 1 (j4UjVI V^41l obl^.VI ay ^jAjJaliAl! ,w\! ^Ulij (Jja 

1 g‘u'^1 \a did A jwi.Vtg II CIjUUa]! aIVaj AJUaI! diljj ja CIjU^ja c_iic.! 

(d aJ _^A^. Aid. .1 fiUdVI ^ AJ JA^. j)var 'll ^(JIja]! ^Uc. .lUUu 

4^Ua) j£j ]ax >>> AJ _^a^. aJU. ^3 Umj tA Uxi.Vtg 11 UUaI! X j 

aJ_^a^. (J^J ^ja *((Jjjj^ — (J^.1 ^ -2760 Mpa jl = — 400 ksi 

! Aja 
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(2.141) 


F x X t+ F n X = 1 


\ d 


F x X c+ F n X =\ 


F 1 =— + ~, F n = — 

1 X, X 11 xx 

t c t c 


f 2 =—+—, f 22 = — 

2 Y, Y 2 ~ YY 

t c t c 


(2.142) 

:L. (2.142) j (2.141) jaSLU-ll Jau 

(2.143) 

! (JjLg-g J 

(2.144) 


S^LgII A n*i n^II Ajldo (J^l jj > ‘'V 1 ViI^^Lg £-g — (JjIaa 

(J-saall 0 jLujJ <jc. 


*i = o, f„=-Y 


(2.145) 


'. j — — X c t — — Y (i ) -lai-iJallj A*ill <LijLujJ-g ^aJ3 (j-® 4jl 

* 1 = 0 , F H=^T’ F 2 =0 > ^ 22=^2 ( 2 ‘ 146 ) 


: ^lia.1 ^11 'i_j2 j£j Uax 


gl 

X 2 


+ 2F X2 <j x <j 2 



(2.147) 


(_£jLoG V 2 1.1c. LguS (_£LujJ (jliaJ ^jLix-oi disV J<: d ) (JjLg-g ^Aj 



jF ^2 >^1^4 (jSLgJ ^ dua. ^ja • F x 2 jj j-all -Ij-laj ^JLu 

^l.lVnul l!lj V ^g .ojLall ClAAlajVl ^ (_£_j^a-G _jl jH ^.1 <j-G UDLlajl 

•* ; "f 

^^3 0~2 J 0”| c-l-la. (J-gIx-g F ^ 2 (J^ 4_1^.1Lq ^ ^ . i> ) . ,g11 ^jIjj jljlkl 

< JkL Ad <Ula. (_pa^)9 1 lldo-l — (J1!1 a 1I 2..V ‘ ‘' ^Ic. — I^Aj .(2.140 <U.llx-<Jil) (J^lia^l ^)Li*-g 
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uillj ^ic.j ^ )<<*•> £-a (Tj — 0~2 — 0 J C ki-^aJJ ^)j)^k,aH 

i < 2,140 aJjiIji-aII ^> 1 . w~u>iIj 


(^1 +^2) <T + (^ll + F 22 + 2 ^12) C7 ' “I 


( 2 . 148 ) 


7*j , F 2 1 ^ — i c_ajjl*ili ^jiajjau a*_j ci^ Cy* ^ 

•^22 -5 


— +— , F n = — 

X, X. xx. 


Fn 2 or 2 


1- 


J_ J_ J_ J_ 

K X^ + X~ c + Y^ + Y^; 


1 1 


v x,x c y? cJ 


( 2 . 149 ) 


AjoJI JjlLk] Al^J ^Ic- iAI1a£ j j'n^ll 4u*i.Vig,'l CIAaIxaII ^Ic. F^~, 4_aj3 Ia] Aaj*j 

^JA 4 j ^JJ^A pljln^l (Jl-A*Iixjjl Ix^ljl JJ J (_£LaA (JjlSllj *CT ^^jIjj 

.[26-2] F n JIg Jc.li!ill dllllla 

_jLi*-o ^A 2 ^J J iG ^LuJalill CIiIaI^^-VI (jJJ (Jc-lidll ^jl 4 Jo Vi II ©AA Ale. 

*t3^J 1 o\^J^\ £-a (JjA — ^L uil (jlikj 


<J \ . ®2 . 7 12 _ i 

X 2 X 2 Y 2 5 2 


( 2 . 150 ) 


^1^1 4_ix-a ^A ^LaU — ) jjj ja ^ji 1 1 A^A_j 

4_x-£aL^Jl Uj-JI jJau . (jLaS^A^j (JjA (jlikl ^j-o Aaa^a£- 

( 2 ) SaIcJ jl CIAjjIa^M (jl jjA AjC- jjitiyUl JJ — — 

$ ( CjLiia*-a]l 4 _iIaC. (Jj^-ujj jfi ^all (jAjl^ii] IaSj 

*Uj .(compliances) <& jI^a'Ij ©ULu^Jl c2>UI*aJ aJjLuJI jiilull cJ jaaa (3)j 

Iaa ^)Li*A ('JJ)*^*) ^JJ^a JIa* 1 oL CaLAaxII ttAllj (j£ ^ic. 

• 1 Mm' A 1»1 hill ^ A^^^sla 
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pAi-lC. AjI ^j\ n^l q F\2 A^. [25 — 2] ^ujuIj (.jjjIs 

AjI^jI \\<\ (J^.1 i^a F ^ 2 J ^jjxj ^jc. \ Alai J ; ^ i O -0 


tiAllj £a . lixtn AjI ^)1 n^l aJL^. ^^3 (J^Aa ^jjju 

Aaill AjI ^1 n^l ^Lxjj ^j-o ^).)^) -LaiuJall Ajl^jliiA.1 <jj 

laXA^li 4_jjC. qj£j ^Ac- (JjA-i\l 4_ixA A_llj 4_^3ajuu> 4 _jjC. ^Ac. "^Ag ajAI" 

^j«a3~ AAlAvi x Ail (ji^Vi ^ nVi (J^.1 ^ja i^ya^xl 1 ^Ac- (Jj)3-?\1 Ajj-uill dlji A 

nV'A Ajlgj AjIA) 4_iJ^Al aSa C- JIajAxJ c > AIIAIj ^IstAVi JJ <jJa^)C. 

. ^ (_ya2r~ Al\ U\ x Ail jIjI 


^Iiaa ^sljJ ^Jc. (J^£j ^_y ijulj cliLiSJ JL ^ ./^ «AA^A (j O -0 

J£aA 1 J Anull dlLJax-oJI j JJ — — J^liAl A^* - * (^jxuju) jj^a (J4J 

4_jtixAI ^3 AaA A AjI^isu AAIcuI jLuia cAa^. (Ja*-<ij /J AjI^jAu (j^ ^>\j .45 “2 

— JjliA.1 ^)l_iX-Q (jJXMAl) J^A (J4J <aa^ u' 4 5 < 6 < 25 JL>4I c j A Aa <a3j1AI 

• 5 < 0 < 25 (JA-aII (jAjJa 5% (jA JSI (jl£ Jja — ^L oul JjlAAl jIixaj jj — ^luA 


loAj^C. 4 *0g A AjI^Iaa jj - ^LjJJ \ (jliA.1 jl_l*_A t^WlAj 

(Jja — ^LjA ^^)1_i*_aj AjjIILq ^ wVaH aAIAa ^Jc. jj£1 Sjaj (1) 

• AAjIxaII ^3 ^3l_AaJ A^. Jj^j \Uaij c^jIa3^Aj 

l <>Ka jj^aI! 4^1^ 'ji n^j A hxJ jj V] -/^p A^Jl (J^aj V (^2) 


.Aj^jJ^aII 4 ri l ^ t ^\ 1 l iu.ii m l ^Ljliiil 4 a \ \ j <\ 1 AjI p A^j ^3) 

^ic. 2 i _j)» x^\l J^y 4 iA^.j F^ j \ A3jj^a 4_aA ^ 5 -^ 4ii£j 4_jj)» c_UjaJj 

(Adelman) jUli j (Narayanaswami) ^i j^UUjU ^ jsil c jAu U£ 4 jjI^]| 

L_kill£!ill 4 j\a» 11 4_jjlaAll aJlA (. - Aaju . jq^W jIoia F^ AJalaUj (J^aj 4_jl [27 — 2] 

. a\1 j\ pM \ 4 JaaU11 
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200 


1400 


'-'x 

ksi 


150 - 


100 - 



50 - 



TSAi-HIU, <*x 

-«*— TSAI-WU [F 12 * -.58*1 

[F 12 = -1.2sd<r®(MPar^ “ 
■ TSAI-WU [F 12 n -4.8X1<r , (K8»jr i ] 

[f 12 a -iGx*r*<wpar*] 



15® 30® 45® SO 9 75® 90“ 

£jli ijjU 51 , ft 

(Pipes) QxijL _ 3 c) jj _ ^luo _ jlii) jIjjui (tensor) jjj* :45~2 JSJJ1 

([25-2] (Cole) JAs 


(jliiVt jjjIj laJ 6.9.2 

^Jic. La£ cSjlial] jjjIj <-4 [28— 2] (Sendeckyj) jjSjA * - 
# jiaaJI (Nanyaro) jjludj (MacDonald) 3 Hjjj£L»j (Tennyson) 

3-4 _ - ~ J£ 4 l-i l 1 4_ajl j V 1 4^_i^4a]I <2jLLl« 4_iLiC. 4 JI 1 I! 4 jalaxa]' 


Ijiadll 3a] 34 . [29 2 ] CllLilaa-d Aiilliill 44^.^311 

j3*_l ^ 4 ]^ Jaj^)44 3*J Ij33^. 33 ^3 ^j-4 ^C-^)]lj t: 4 4 ' >-^’u (JL^4 

. 34i. tJ^44J 1*2' ' 2^Il4 l Ij J J J— 41 lg,*4 


9.2 JjLulaII kfrjjiy 4 

3-4 4-3^ 3^ 3^' l>4 2]3j 3’ \ 4_ic.^)i]l jjjlx-dl 3-° l]jl 3 ^ 1-9.2 

(JljLajVt 3’ ^ ' 3 I-IX 4 J ^ 4 U.r-.NM jl_44a.y I 3’ J^-lX- 4 ] 4ja3l^4]l 4 1 34.2 ^ 0 33*44 CjLli^ldl 

.jj^4i]l ^jl 2 ajjj^-4 o x 3=d 34 38.2 j 37.2 3 j' 8 . ~d l ^ L 5 -4lac.S/l 
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.(2.130)j (2.129) ‘(2.128) u- (2.131) gisJ 2.9.2 

.(2.125) j (2.131) l£lkjl (2.132) gSU 3.9.2 

.(2.133)j (2.132) ,> l£lkj! (2.134) m*Ji gSU 4.9.2 

oL^jVI lJ bLili LgaIc. ^Jja — ^Luj — JjlijJ ^)Ija-g ^^Lg 5.9.2 

JjSj AjIHa ] — jllix-G ^A Lg £ — ^)- g^)I ^2 ol-^jVI <^3 < aJaj - a-o 2 — 1 (_£ j ! iuaa ]1 

Ija .Y 1 oL^jVI ^ JIjIIjj *X 3'°^^ ^ \)\\\ oL^jI 

(2.132) iU*JL jLx^ll 

0 U jJ) ^ u si) <9^)j^a (J^-l <_j-g (JjA — -^-jl 6.9.2 

(2.134) aEIxaJI <jI_iola]I (^yaal I ^\ 6 0 jL(21 4. >t ua n^)]l CjIaL^jVI £-g A^-jl 1g 


36-2 Jisll ^ E — — ciiLilax-Q J^.1 Ajl 7.9.2 

Iaa) Yq (j-° ^A*-S cJ^I 90 j 0 (jJJ IjI Jjc- <jI!1g 4_xu3 

<jl ^A liA jJall <jIHg (J^-l (j-Q ^)JC- ^}-gVI 

(.** U's (j-a ^jLola]! o^A jnx'i . A is-i^Wa E- ^rl^j — ^jjo£ ^4jVI (_j-^3 <jII1g 

0£.Lui2kJI 2.134 AEIx-gII ^3 (JjA — (_£Luj — ^jLiA-G ^^3 AjIHaII 
ajIiIaI] ^ajoj Yj S ,X (Jjj Ai£>lxJl -^-jl • 7.6.2 ^-ILuiaII ^^3 <Lujj^.lg]I 

^3 A3^L*J1 6 (J^aaiII l*^-J LgjS .I^Aj <jl 4 j^)j>*s..g11 

•X (j-o ^£1 jj^JI ^ jLk ajIHaII ^j3 aJU. 

IjIj 3 Jic . < 3 ^) j-a <_^ a 3 ( 3^1 ( j-Q ( JjA — (_^L aul ^) Ij*_a A-gjoi 8 . 9.2 

(j-G Is^Uajl A nil dll 3 ^-° (_£Ad. ^j-g i^IEj 6 90 J 0 (jJJ ^)j*s.^g 1 I 

^^aall 4_jl_ja-a ^A I^A ^jl lar.j . L_J ^^A-g 11 CjLljlij ^al, W' udIjj 6.9.2 aJLuiaII 

.7.9.2 5JL^g11 


10.2 


cJ^I ^j-G (^>gx-g ]1 <A jA ^j^ls) Jlxijl ~ jl_^^.yi diLs^lc. 2.2 o j^ill ^3 iLSialj 

oAA C. i \\“l < G'l .^_^.Lia11 <]jLg!Lg jl^GJ ^IIgII A-U^\j ^1^-GJ ^.IjJI AJjLoLg ^JJC- 
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Ac.jl.3a a 11 i (JjjSjIIa djla^lxll 

S! f 

4_ij jl^. 1 (J£a 111 ijAda JJ . (Jlxijl — Al_g_^.Vl dAd^lx] ^ajjja dijljjj ci3^Lol_*-a£ 

A jA.Vig 11 duljjll ^IjAj ^^-^jaII Ai£)Ij aIjaJI tJ^.1 <ja Jlxajl — aI^VI dil3vl*J 

aIjaII cAl jLa < Sx-ajl (j-ald (_)£jaJ 6 AjAa A, Uj.i.Vig.11 dijljjll (j)j .3.2 ©jiiall ^g3 A3jA*ajAll 

Sjaill .L^.jjJaj J^i\j JajoijVi Adljjji]! 1 “ \\ t>A j^ll ^1 AVu*iIj ^aJJ Igijjju (jV Aj£ja11 
Ajjall aAA ^>jj*j . AjA^. J£ja ^ c - AjjjaII dul jp AjjaII (j^»».j ^jl.q*' i A’il ;4.2 

^UaII aJjIaia a! ja31 <A]jLaj <j^)laA Aj£ja11 a! jaII l_sj31a]1 jjc <Al jLa 31 ^g.ql Saj^a 
aIja (3^.1 ^ja Jl*ijl — dils^lc. ^^Ac- 5.2 Sjiiill ^IaIaVI j^jj ■^j-\.A'q ill 

a51S_jI 1 Ic-jjLuj jj£V1 ^1 aVujjVI JIaj ^jojaaII aI^VI -laj^)JA *■” i Vi ^UaII a_i£/Ij 
<Aiaji ^)AjJa djls^lc- aAA (JlxAjl — ALg_a.Vl djls^lc- 6.2 0 J^ill ^3 ^aJ .Aj£ja31 


(Jjjaoll lAA (jj .AjjlSjll SaIaII A_1aJJj 11 djUlsd^l £A Ajjl JJA JJC dlljjlA^l 

(jc. A_aildA dil&Ldil Adlj edljll dilA Aj£ja aIja c*l jLa L_flj A3j (3^1 cj- 0 ^jjjda 
A_Jt3j3 A_11J iAU‘ia* 1 i Jliall (JjfiA J C ^LaJ^I Jj-aixl] A J», nJall AJjaAj^JI CjUUjVI 
C_£yldj 1 g *1 a x> 1 L_alJVl ^3a.UJ A_1J j_jl^. 5** l'jnlA^.1 J jla. ^ djlA AjJjlA A-ljl jJ^jaI 
dll flSlc- JJ^I iaij jjj .^oAk AjjjIaII Adi jIuaVI AjlSjaII Adn] laj-t a'1 j jj's.a'I d ilj'il .IsJ 
Aiiax-saA o jIaII A^jajj^) dllAL^ji dlli ^^^-^.IIaII Ajj^Li Ail3_^)l (Jlxijl — 

.^.UaJI aLLua ^I^aII ^a j Aaaxa AjjaAiA dljl jj ^a A^jJal^ll AjjaAI^JI djlAL^j^l 

O^jAali ^3 l^lijdl ^aJ aS j^.a'1 j a3 ji^AaII D^La^JI aJ^IaIxa ^jl 7.2 O^ill ^^3 ^jjJLl 


diljjlA^.^U c^ixjaV ^ 5 ^ ^jSI il n5jjSI jaxj ^\\"ia'‘i 6.2 

Aj£^a 1I Ajc* SAjSa aAA ^jaIaaII ^jj£jj tA3l3^)ll ^j!Laa 


^3 (.- n^, c^aII Asls^ll AjIaa jda^A A_^JIxa 8.2 ^^3 tillA Aaj ^aJ . A j^.^1 

^UaII aLIaIa AjAjlaJI Al ja3I aJU. ^3 A3_^]Ia]I AjjIIaI! ^Jia3^) Aj£^a11 aI ja5I aJU. 
^aJ .Aj ^^ajaaII ^ AlaC-Vl Al_^_^Vi AJaC-Vl ^auJJ^)]! Al^_a.V^ AjjIIa AajIaII j 

Ajj^Ij Aj£^)a 11 djlsli^)]! djl-jldc j o^La^JI CIi^IaIxa (_j2_i 3 dll A y'lAl i-_kjA3j cAHa Axj 


^jjASo] dllc-l^^Vl AjaSLia 9.2 o^jAali (_jAjJaj .SaIaII A^uxn^)]! d iLjjl A^.V 1 ^3 ^.^.LIaII 

. ^)j^a11 AijIjj aJ^a^. Jaj^jjA c‘* 1 Vi Ajllallj (oAIaII A-Iajj^j ^C> dlLljl A^k.1 ^>AjJa AjIHaII 
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AjjIjj dll I ^ ^^jt-ijjj ^jUdj jl_i*_x> tilljA <jl (j-iJJ j 


2-1 Stephen W. Tsai, Mechanics of Composite Materials, Part II, 
Theoretical Aspects, Air Force Materials Laboratory Technical 
Report AFML-TR-66-149, November 1966. 

2-2 B. M. Lempriere, “Poisson's Ratio in Orthotropic Materials.” AIAA 
Journal : November 1968, pp. 2226-2227 . 

2-3 E. 0. Dickerson and B. DiMartino, “Off-Axis Strength and Testing 
of Filamentary Materials for Aircraft Application.” in: Advanced 
Fibrous Reinforced Composites, Yol. 10, Society of Aerospace 
Materlafs and Process Engineers, 1966, p. H-23. 

2-4 Robert C. Reuter (Jr.). “Concise Property Transformation Relations 
for an Anisotropic Lamina.” Journal of Composite Materials'. April 
1971, pp. 270-272. 

2-5 S. G. Lekhnlfskii, Theory of Elasticity of an Anisotropic Elastic Body. 
San Francisco: Holden-Day, 1963. 

2-6 Robert M. Jones, “Stiffness of Orthotropic Materials and 
Laminated Fiber-Reinforced Composites.” AIAA Journal. January 
1974, pp. 112-114. 

2-7 Stephen W. Tsai and Nicholas J. Pagano, “Invariant Properties of 
Composite Materials.” in: Composite Materials Workshop, S. W. 
Tsai, J. C. Halpin, and Nicholas J. Pagano (eds.), St. Louis, 
Missouri, 13-21 July 1961, Technomlc, Westport, Connecticut, 
1968, pp. 233-253. Also AFML- TR-67 -349, March 1968. 

2-8 N. J. Pagano and P. C. Chou, “The Importance of Signs of Shear 
Stress and Shear Strain in Composites.” Journal of Composite 
Materials'. January 1969, pp. 166-173. 


211 


2-9 


S. A. Ambartsumyan, “The Axisymmetric Problem of a Circular 
Cylindrical Shell Made of Material with Different Stiffness in 
Tension and Compression.” Izvests Akademii Nauk SSSR 
Mekhanika, no. 4. 1965, pp. 77-85; English translation N69-11070, 
STAR. 

2-10 Robert M. Jones, “Buckling of Stiffened Multilayered Circular 
Cylindrical Shells with Different Orthotropic Moduli in Tension 
and Compression.” AIAA Journal. May 1971, pp. 917-923. 

2-11 Charles W. Bert, “Models for Fibrous Composites with- Different 
Properties in Tension and Compression.” Journal of Engineering 
Materials and Technology: October 1977, pp. 344-349. 

2-12 C. W. Bert and J. N. Reddy, “Mechanics of Bimodular Composite 
Structures.” in: Mechanics of Composite Materials - Recent 
Advances, Proceedings of the IUTAM Symposium on Mechanics 
of Composite Materials, Zvi Hashin and Carl T. Herakovich 
(eds.), Blacksburg, Virginia, 16-19 August 1982, Pergamon 
Press, New York, 1983, pp. 323-337. 

2-13 N. J. Pagano and J. C. Halpin, “Influence of End Constraint in 
the Testing of Anisotropic Bedies.” Journal of Composite 
Materials: January 1968, pp. 18-31. 

2-14 J. M. Whitney, N. J. Pagano, and R. B. Pipes, “Design and 
Fabrication of Tubular’ Specimens for Composite 
Characterization.” Paper presented at: Composite Materials: 
Testing and Design (Second Conference), H. T. Corten (Chairman), 
Anaheim, California, 20-22 April 1971, ASTM STP 497, 
American Society for Testing and Materials, 1972, pp. 52-67. 

2-15 Hong T. Hahn and Stephen W. Tsai, “Nonlinear Elastic 
Behavior of Unidirectional Composite Laminae.” Journal of 
Composite Materials: January 1973, pp. 102-111. 

2-16 Robert M. Jones and Harold S. Morgan, “Analysis of 
Nonlinear Stress-Strain Behavior of Fiber-Reinforced 
Composite Materials.” AIM Journal: December 1977, pp. 1669- 
1676. 


212 


2-17 Max E. Waddoups, “Characterization and Design of Composite 
Materials.” in: Composite Materials’ Workshop, S. W. Tsai, J. 
C. Halpin, and Nicholas J. Pagano (eds.), St. Louis, Missouri, 
13-21 July 1967, Technomic, Westport, Connecticut, 1968, pp. 
254-308. 

2.18 J. M. Whitney, D. L. Stansbarger, and H. B. Howell, 
“Analysis of the Rail Shear Test -Applications and 
Limitations.” Journal of Composite Materials: January 1971, 
pp. 24-34. 

2-19 John Hart-Smith, Douglas Aircraft Company, Long Beach, 
California, Communication. 

2-20 Glenn Murphy, Advanced Mechanics of Materials. New York: 
McGraw-Hill, 1946. p. 83. 

2-21 Stephen W. Tsai, “Strength Theories of Lilamentary 
Structures.” Paper presented at: Fundamental Aspects of Fiber 
Reinforced Plastic Composites, Conference Proceedings, R. T. 
Schwartz and H. S. Schwartz (eds.), Dayton, Ohio, 24-26 May 
1966, Wiley Interscience, New York, 1968, pp. 3-11. 

2-22 R. Hill, The Mathematical Theory of Plasticity. London: Oxford 
University Press, 1950, p. 318. 

2-23 Oscar Hoffman, “The Brittle Strength of Orthotropk: 
Materials.” Journal of Composite Materials: April 1967, pp. 200- 
206. 

2-24 Ran Y. Kim, Personal Communication, 8 April 1981. Lor 
additional information, see: Ran Y. Kim, “On the Off-Axis and 
Angle-Ply Strength of Composites.” in: Test Methods and 
Design Allowables for Fibrous Composites, C. C. Chamis (ed.), 
Dearborn, Michigan, 2-3 October 1979, ASTM STP 734, 
American Society for Testing and Materials, 1981, pp. 91-108 
(reprinted with pennission). 

2-25 R. Byron Pipes and B. W. Cole, “On the Off-Axis Strength 
Test for Anisotropic Matrials.” Journal of Composite Materials: 
April 1973, pp. 246-256. 


213 


2-26 Stephen W. Tsai and Edward M. Wu, “A General Theory of 
Strength for Anisotropic Materials.” Journal of Composite 
Materials: January 1971, pp. 58-80. 

2-27 R. Narayanaswami and Howard M. Adelman, “Evaluation of 
the Tensor Polynomial and Hoffman Strength Theories for 
Composite Materials.” Journal of Composite Materials: October 
1977, pp. 366-377. 

2-28 G. P. Sendeckyj, “A Brief Survey of Empirical Multiaxlal 
Strength Criteria for Composites.” Paper presented at: 
Composite Materials: Testing and Design (Second Conference), H. 
T. Corten (Chairman), Anaheim, California, 20-22 April 1971, 
ASTM STP 497, American Society for Testing and Materials, 
1972, pp. 41-51. 

2-29 R. C. Tennyson, D. MacDonald, and A. P. Nanyaro, 
“Evaluation of the Tensor Polynomial Failure Criterion for 
Composite Materials.” Journal of Composite Materials: January 
1978, pp. 63-75. 


214 


dO J^l 


AilSj] (j ^tljl djluJI 


2u*S±a 1 .3 


c*i]j Jixjj tAaljjJ] "Aj^)AU£i]l" (_j-ajL-adll aJLca Jj Lajaj 

IgjJ A L (Jaj V n^k \ AiilaJI (j-a c_fll£ ajjj^ Ajtiaa jliic.1 Ail 

(j! (JJll — LajJj Aj^)*\ aj.) AiLjnjj — U1 t I A^A^ . J^l ^ (^jujaIa llhHj^ - ' 0 Cy* a-^3-g 

LgJ ^joi^^jjVI jJa aL^uVI AjAL^I 1 flLill ^1^ U_Jd3 ^ — (_ja aJ^a aALa 


tciilj £-a .SAAd-a CIAaL^jI (3^J 1-1a 3 Jill CIA-jIHaH j ac-Ljj'vll ClL^Lalst-a ^j3 ^js-ix,) 

i^yA Aj£^)a aALa ClA-jllla jl a^Loi^. ClLyLaLtA ^jjjx i ^j£-aj c Jlj^uill IaA ^ Ja ^ 

J ? aALa AiJ-a-a Jl dual j*JI cdlull Juu jauu ^c. dual^)C. ~ 

SaUI jL-a^. AiDLtJI ^A La I jA (_£ j J>ja1I i^IuI^jaII ^ ^JolLolVI (Jlj^uJI (jl 

.1-3 (J^x‘Iill ^a La£ cAjaIaII L^jIuJa (j-a jL-sxkj Au£^)a1I 



(5-JJ^J 4 ^ J ^j-uiLujVI Jl^^uJI : 1 — 3 JIAll 


j ac.L*j~> jlii^V l_jIujujVI (j-a ^JiaiA A^aj ‘-r-^-J-H Aul i** \ I's j tLaLaj 
A^a.j j)A c*1]a£ Aj ^ Auli iLa (jux-a ^jLiuj jjuilaj (J^ (j-a A,Jj>j>i.V^.1I SaLaI] jjj u^ald AjIua 
jl (jjdLa (jA Au£^)a aALa (J^-l <j-o A-^LaII j aa-LoiaJI aAA (jj'qVi A jQj^ Aj.wM ^JJaLa c > 
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(J JaJ Ja Aaj^aII Al ^aII AajaaII lAjoaII jjjjt, \ J^a ) <« Sa^ j 1 AA . 

?Aj£^)A SaIaII AjIaaj OC.Lal^J AjjII^aII ^aAii]l 
L_fiJ^)*A J!>Lk Ja 6^lc.l G^J^AaII Aj)g C > UjjIaa ^3 oAC-LuIaII (_j£aJ 

' l£ c^\ j il^ ^jjIiaI! liUl^l Iaa — &aIa 1I c^l^Loi] j j i<ila \a 

iAjL> <J\j± ja - (micromechanics) (^j^-JI) ^jjIiaII A‘Kja'1 

Ja £ Ajj)^a 11 Al ^aII Jaj A.1 Al U aII ^JjA-aaollj (_j-£ak^j JL C n*\ Aj£^)a1I gALaI! 

. A-uijl Via 11 ^L- a_j£^)a1I gaIaII 

a_£ja!1 gaUII A jL* vJ ja ja - (macromchranics) is jjSUll ^InK^'l 

jlx-aV£ VI 1 g.q**^ J^aj V lg-1 Ajj^aII aI^aII jIaI <jl j A-uajI Via LgjJaJiij C* n^. 

.aj^jaII gaUI A-iIa^j (apparent) AjjAli 

c'^.j u^aMl Ja A^jUII" aJUJI ^ Iajj^V Jj*aj jl Aila^)]l ^ajl >/r\l J^aj tl^A 
& jku«i Usl <4 Ia ^Aaj .4 aj£a1I A I ^aII ^gajl ^jjjLujI ^Ac. Ijx^aLj^) l_A^)jAaj Jt jl ji 
(_)^Ia 3 £jlaAjalj lijlj 4(^ jjVa'1 ^IVa'I C* ilYil J a Aili J\ £3 Jill 

. A jn" (_£j^£Ia ^JLijI^ja (Jjl Vn ^aLiit l^ai A VuJ j A-JjIjJjS J^)la y>£- A3l3^)ll ^j-sa jlx-aV 
^W'ia'i jl vnj ^Jill Vj£^)a Al ^ u*ol Aj^jA^^. ^^A (_jVil £3 Jill A_i3j£ A3 ^)*a jj 

1 jx nla Ia's.'a (J jjVaII liliil^iAll Jjft d^A .Ajjj^IaII AjJfcUall jax j 

(Jjl V Aiji^ j A_iijjAi^JI ^I^aII JajJs aJ ^jJ^a’n LaAIc- ^ j^)£Ia]I ciijjl^>jA\l 


•C 3j±u 

AjjjIiaII cihjl^jAl' ClllxS jj (Ja jj IaAjC. ^lAj-adll A H S jaII 

^jl C_ajixj] t till A £a . ^gajU.^TS.1' A3l3^)]l ^gajlx^a^k JC- 

4 ^JUiaII ^jaa^i ^3 aIx-ssIHaj A AgA I A jj 3 lilliA 

* * * * 
AAA^J V ^Lljl li jIIa lA±iaj A3 jAx^ia]I J t. ol A-lllilAll A ti.il j^W 

^j^ajU^vN CaIa SaIa ^gJI AaIIaaII A_Lajl^)]l L£*\jH O^J aI^aII ^Jaau 

A_l^.^L-a CaLuI 4. > VN Jjj 4 1 A^A j . JJ^JaII C5 £ 7 li\.^jA\l (JjlVl'l IgA ^3 jJJ ^Jill tilt Ja 1 ^joil 
CAlAliVI oAA ^ja-n jIajC.1 ^a j .(JJjSaII ^^aj^^aII JaxSI J j^jaII lilijl.^jAll Cljlj^laj 

.A_k-al_^JI (_£ J'J^QaII 4^1aa\.^Ja\I ^_Ja*A A-ujI^jA ^Vi ^jVI IaC-A 4©AC-la£ A_aL*JI 

I^^^j^aaII Aa£ jaII aI jaSI \')\ }a! jIaaujLuj! ^jIaj^)Iaa tilLiA 
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S\ j-<Jl (1) 

(2) 

C SjILaII ^aj)g QaII ^1_£Jj 3 jl ^1 jaII ^alllA jl) jl jaII c*\ nl^)A AjjULa ■ 'h.a'^L 1 

AjjULa IaI ^j-Vill (j^aj ‘^aII tiljLudllj (j\x n £_uj 1 j j^j LS^ ^ CalajJa^il 

(Jjla. (2) tAa-lJ-l^a ££jlaA (1) ICIAjjIIa lIx^u ^gJc. JbVI (^Jc. (_^jialj ^^3 4 Jj^)a11 

ja^Vl Ig qj Vn CalajlU aAA jaAJJ .A-UJ^)flJ (Jji^. (3)j t^Jaju^iA A >^3 

( Jl*ijl — jlg_^Vl dllSvlc. j cAillj j AjjJiall jI^aIuj! i^jjl jail) Ajjljjjill ^jajl jail 4 _a 1 Jj-aa 

. (Jj^^aall 1 AA ^^9 (jaaj jULaII llil£ <joi3L1a . Al jaII i 4_j jIIa 

4Aj^)a]1 C1l>IaIaa Aj-I^j ^9 (J jj^jaII 4^11^1 CIjLjjIaa ^xja'n ^ja L <aAg 11 (j-4j 
(compliances) jLkJI J (stiffnesses) s^L^Jl cjXoUa J (elasticity) 

^jaaxa c > v^kj ijliofl (Jajj-u ^5-1^ »^aj^-all aIjaII Aa j^jaII CIl^LgIxa aJ^Aj Aj^^a SaIaI 

J A ^ 1 ^ -^1 1 j t flLilV 1 aal x^rs 4_1 V Aj c £ u^u a! j<La &«^-al 4a j^)a11 (JaIjC. 

-A -v '1 

c /, =C lj {E f ,u f ,V f ,E m ,u m ,V m ) 

^UaII (JjIaIa i \\W ^aja (JaIc. »Ef C n*\ 

^UaII (JjLoa-o t Lill ^jjjojl jj 4-iu.A l V , 

jJi SjUI Jill j^aJI \ ^Lj&l ^ = Vf 

. <i jaj-sa-oll (J^.1 <ja 4^Laa C_flJjlau £_a 

a! jaII (_]al^j ^3 ^jjIiaJI c^\ j il^ )a!1 ClilajllAl ^saIiaj ^sLjaj «. SAA c^lliA 

Jaa^A ^^Ic. .4Aj£a11 aI jaII CjIaIHa 4_1Vaj 4a£^>-all SaIaII CalalaA ■\|.W \ jA j tA^J-Jl 
<3jaj-£XAllj e_fll_JVl CialallLo A^l j Ljfllaf^la dI jIaII 4a£^41 SjIaII <jIHa (jaa*a a-L^j cJUIaII 
I^jj^a i j cJ^a SjLaII ^>^'1 Jj A h*j\) 4 j u^j’^1 1^-aj-n^ j 

X l =x i (x if ,v f ,x im ,v m ) 

■*2 jA sjiai cjuiio =s, y, x =Xi 


ujLftfl =Sf, Yf, Xf = Xif 


^a^^ 1 !! ojLaII (4^^ \ <— ilalVl — Vf 
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aajLJI cAi^aj-a-oll SaLa ( m }^\ a^jIAa L_flj^)l*j £-a 

3-a J a a) jf ^ (j^AJ tc£i]A •-2saiuJa]l jl AjaII C." 1 Vi AaII^a]! CjUIUaII 

Aic. AjaA A^Lj L_jlx-aj (jl (_j£aj t AijiLaJI ^B . ^ 5 _^.1_1 a]I ^UjIaIa AB^Sj-saA j\j j L_fil_ill (J^.1 L>° 
^IIa j c A ic- Aj£^)a SaIa AjIHa 4jl_a. A-iIaaII Aijla^l AB^LxJl (J£ja] lljjjj 

. i_Aa.V (J.u-oq’n tillA ^^Ac. 

<jC- ^jjIiaII lilijl^iAll ilAjjlaj ojjj£ A_ia1c- <■** il j pi j (JLaC-l ^)Bjjj V 

AB o^Lud^JI (J c^I^iaI! djlj^)iaj (J^a. S^JJx-o (jli ti^HA £a .AjIHaII 

c!jV aIx-o Lol a VuaiI ^j£V 1 D£.La 2»JI Aj^laj L_ljl^^. 

ojB ^-jjjajj ^jljj ^1 L_ijl^aJl lilij Jj <aLAaVlj (Halpin-Tsai — (j^U 

IajB A_nll L ^iaj £a AjIAa]I ^jc. S^BjAaH CIjIa^AxaII ^jL^jj ^aJj c_Ajjuj . j_j^ja!1 cilijl^iAll 

.d^LuiaJI 

A^JaII AAaXJjoIa]! (_£ j^J^JaII ciLjl ^JaII Aj^)Iaa ^jC- ^)Aili]l (JS?X) 

1 1 g'WllxA Aj£^)a11 aI^aII L5^ 4-uaiLaVI 

abIbjII • 

LjjSIa AjajI Via — AjIaJI ^^B aL^-^.V1 AajAC- — 


Lj^Ia ^UaSI A_i£)Ij — 

« A Ia'a I \ \ ^ ^ 1 ^ ^ Sac-IiIa — 
JaI£ ^Ac. ^Ailaj^aA^ Aij-al^pA — 

(JaI£ ^Ac. AAx-a!iiA — 

^liall aAjIaAa — 
CIjI j-N.qll AajAc. — 


l jAv^ Aj^a — 

^ildfrl • 

AjajI^Iia 
1 jAvs Aj^)a — 

^UaII aAjIaAa — 

AB ^Ax^cxaI I ® 

AjajL^Iia 
1 jAvn Aj^>a — 


ABj^^-iaII ^B jl (. flLA^M ^B CIjI^^B A^jj ^j\ (_j^aj V tc^A AiLjaVl^ 

oAA ^jl .^a!aI£ aJIua ABj;q»^*iAH^ (. (j-iJ -lajl^^ll ^jl c^Ha 1 Ag *i jj 

(j£Jj ^alj 1 j'qJ^^A jAjj AB ^jl i^\ C(JbV^ l ^ J ^ i AjAjjq \W Jaj^jjaill 
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4 JH 4 II (Ja*W a ^)JC- ~ La lc.^j lj^)Al3a — J*^ ^)^V1 1 g,w*i3M 

^j£j j 4 l.g a 4-ilLk Ia^jIjjc-1 ^j^aj c‘* n*\ \ CIjI j-^qll <_ja (JjIs cs^" (_£ JP^' 1 (jl ^-S^a-^aI] 

. 4_l]LiA .Aj^LiHj 1 flLilVi (j-iJ Jajl^^)]l 


l(^£ j^>Ja 11 ^Iljl^J^ll AauSLia LiujLujI (JIaaII ^jj-sajx]! ^ajg 3 a J 


La£ lg_i3 Clll.iLg_^.Vl j)^AJ &^La 31 (jA 4-*-la3 jl 4_alaiA ^iu-sal jA j 

L qljfcU 4*\j^k ksi\\ L-Luilll ^_a^_^J 1 ^)j^ai*Jl i^^LIaI £a Ijj^)£Ia A aI-VPa Cl±jl£ j\ 
<j^£j £a . L^jlj^^A £a <j£^)a] 1 ojLall Ija^^ (Jjaj ^ ^ (.^1 Ai^j-saAllj 


46 U1 ^a^C- C > 1 UaiJ (_£ j^LiaI! <_£ jjjudAll 4 a1Vua ^jjc. CliVLxijVlj CljljL^.yi 

^3 .1^1 j ^ \)\ Ja^3 ^Js»j tLo^AC- .1.1^. Ia^a ^a^-^J 1 ^)j-£ajx]l ^)jjIjLq ^^gJLilljj 

(JJJ ^C-Ull (J£jaJ .L-Li] j)A j)!&\ Jj liLl^.1 ^3 j£lj 4(J1 aa ^a^^s jj-aic. 

1a nj $(J1 aa 11 ^A-^k^kH ^)x^i‘i»,\l 1-1^-lj Iaxj 6 L^j^l Aj^L^.1 l qIjIVI Clilj <j£^a 11 <3l3^)]l ^3 
dL^j! (J^s j t-jlJVI (jjj JC.U1L jl a£Iajaj ^jj^xJl <jA ^.1 j (JIajj 

3- (J^juoII ^jjjj .Ljii^ ciJliill ^xJl ^jj£jj $c_i2 ^ja <3ls^)]l a£Iax*j dijl£ lil a£IajoJ1 
.dL^jVI 4jjU.I djli aSIS^S l_i^.j^Aj jliiAA 1 ja-n I j^ic- 2 


4 jliU JkPLlJ 



LjIjP 4 . »iil Via 4-913 j 


JjLm jaqjp 
UjUp 4jMjl^la .^Jp 


dl^jVI uilail ljIj <3lij — Jjaa jaaIc- :2 — 3 J^JI 


219 



A^l^a dUil3_j (J^l i^a i^Ia-aII ^xl^l^JI ^jt.s-x\x li t^£- *». ^ jjj 

cJaaI I a] .oL^j^I AjaL^. 1 L_sl_iiij <alij <ll_^. ^ a_1a \ a \* x \ uj^ cs^ 

L <aljiyi (_£AC- LjJ ^IaA ^(JIaaII j>.Sl\x \\ AIxjI (jlAAJ <LujAi& 


(_j 4 *j b±k! IaJ IaI .<£Iajoi 11 A AC- (J^Lk <_ja CLilliill Axpll AA^jjj .Ajisl^x^l 

(JjaaII ^ jx^i w.ll Jjjaj (jlfl ^r jAxa'SW A-ilxaSI <LujAj3.Il _jlijc.VI 

liA ^Jaa! 1 ujJ .Ap LjC.^>a I^)aI ^ A 3 3 - 3 ^^3 Ia£ 4 Ajg.ViA ^)j-xaljc. (JIaaJjujL 

^ic. JjjaI] _ CAjUJaII l^-iS IaJ — dLcLj jl 4 .“ \\"\T\a J£jaJ SAj.Wa Jj-aljc. 

.LiIIaa jm'i A J-ij^aII c <aj\ \\ ^Ijjoi A^. 



A 1a a A3l3j J^i JlLuj jo/a wl JjAa-a j^-alc ^ J jaj :3 — 3 J^uJI 


(JjaaII ^a-s^II ^)i.si\x\\ dj^pu 4.. v^j 4 oAajxa 11 (JjlVill <L^)ULa ^jc. ^jJaiu 

^ajoiL^. ^)aI (JjaaII ^a^^H ^)x*Viatll ^ jg 3 a <jj 4 A L'q^ll ^^3 .AjIjxj 4_a1 AVuJ j 


^ a\c ^^3 d^jP^aII djl,Ja 3 -v^ a\ ^jjI^aI! ^HaaII ^3 A^Laa!! 4 ^3 

(_£j £]1 a ^3 L^- 1 a ^lc .1 (JjaaII ^ a-v^II Ljj^j (j] . I^iaLjaIIj I^jjIjjujVI 


.<_£ ^Jj A^luJaVlp 4dl aI^-^V 1 j djVlxij!>U JjVI A_^JI*_a 4.^ \ u*n 4 j*I]Aj 4 6 JPj^a 31 


AjaU. 1 dlA A_j£^)a11 aIjaII ^ jj^ja'1 c^IijI^jaII dLailjA 0jtij Jjaj 

x 1 . I 0 'll 4 J^VN. *N- \ 1 A_LkJllll £, 1^1 D A^SlIa 4 _i^Jjl^lA 4 J 1 d -N, \ A_ljl_lJ t, ‘‘ \\ \ 


220 


4_ia^_^JI Ia A \*\aa A a«lxl '^k\\A\ 4~3 

ClAiDlxJl a-l^J LfjJlj 12x11 ^ j.l2l CS"^ clj)^^ t<21i Jj <iLjajj 



i mA\ 


ci a^Ua\ JLLuij : 4 — 3 3^21 


c^IijI^jaII 4_imjAi^Jl o^LaII a^Lui^J ^I^aII 4_j^)11a 2.3 a^jiiill (jjialjj 

* 

G p J E x ,E 2 ,V v 4 ,Ua.Vlg,'l tluljjli aItUui'I Clljjjalll <jiaxj ( 2 jja. t<_£jj 5 Lfa]l 
(^s »44l d^LuosJ ajj^aII <j^)Iaa 3.3 (jiaLij .^UaII A_i2Aj SjIa] 


4 lij w>ia\ 1 4 ^ <«v v-21 J > V w"i\l l" \ 1 ^Vq"'i ^£a^i J ^aJJ i*‘ 6 (_£ j^LiaII i-*\ \j\W 

(Halpin- c$L 2 ~o^h — I cjV2*a1Ij (contiguity) jjU^ll 

^jjl] j’uaII cjUjISaB 0 jtij <jjlLo 4.3 a^jiill < 21 i ^xj ^jj .Tsai) 

(J£jajj . t—aUlVh aljLa j Ajni^ <=u£^)a ja J^l <ja CjIjLuIIj tac-Loi^Jl 


(JjlVi 5.3 ajaili ^ C(_gjj^j21 i4nK)A'l ^ SjLoII a a- 1 i 4 i i) l j'j* 

Cllljlia (J ja. jl ^41 tiLul£.La tjl*j jJ L <K .^ Jj tlua. toJlLall CllLitla] ijLjlSxall 


. li» l >i\l j Juioll 
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S*lu»aJi 4 _i jlLa 2-3 


i^jlrxxA jLajC .1 ^9 ^aII lilijl^jA Aj^jIJLa] ^L^aII o^iaII (_ja£j 

^ i~nj . (Jtks l)j j> -^ jSi ^ (3^.1 o-° a_j£^a ® jLa] ^^j’iI ‘maII A jLJl Ajj^u*mll 

AjjI^aV ^ ^ Ujj J (_$ '''*’ • cA_^aa (jl AjjJa ^)9 (J£ ^Ac- 

CljljjJa^ill ^aI ^jl . ^A_ilaljJcA <jj£j (jl c^IijI^JaII ^^9 dl_iiJa^)Al] (j^AJ V) A 
Aj^U. 1 c__sl_iilj SljLall Aj^^aII jIjaII ^k l_ L illi oL^j! <39 j dVLxAjVl <jl ^a 

^j£j Ijj .5 - 3 (j^ La£ c<i^aj-aAll ^a IaS ^_fll_ilVl <^9 Ig j.*iq i ^^^A oL^j^M 


itALia'i . <3^j-£aAll j L <>l,jlVl (jdJ ^jja£J 1 dj j.1^. cdIA (jli Ig^iAi ^^A dlVLxajVl 

^ja 3 L_flLllVl.J <3 j c >j.^iaH ^L£ ^3 \,^, xai^‘i ^A dj^LxAj^M (jl Iaj . 1 x V^a Liluj A_iiJa^)A]l 


Igjlc. (Jj9 AjjOjaa dijl£ 1 ^)j^a 11 ^Ic. AjJ^axII ^JalLa]! <jl ^jJal ^11 

A9 jSIaII CIAj^jULaII ^9 A AgA AjjJa^)9 (Jaaj Li& elj^)£A La .AAulaj ^xj AjjOjaa ^kjj 


— c jldi C_fl jjjj .A_x 3 jillj A j (beam) AjJa^jlxJl dAj^)Jaj ^9 La£ ( jI^aII cilijl^jAl 

Ajj^Lj Aj^Allali Cj^LaLxaII ^jC. ^I^aII ciljjl^jA t." Ax 9 jj — o^C-Lall oAa ^Ac. 1 jl a"iC. 1 


E^^E 2 o^LaIxaII Jjjaj aj^U.1 c_ a LJVU. Si J^A A_d^)A 0 JLaI ^UaII 

J^)^-a i^yA j ilajJ j (j^fL £^jA A-Jajjomll dLiiJa^All (_}jjLuj 1 <jl . G ^2 -5 


. l^_J L_ 1 jD JA 



1 dlajVI 4 ^ Jjaa j^alc- : 5 — 3 JluJI 
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Ej AUaj 1.2.3 


(J-gLxa <Jj 1 oL*jl ^3 (_$\ i 1 oL^jV^ ^-3 Aj£^a11 SjLaII (J-gIxa (jj 

5-3 cJ^ill (j-<i . ij.w'ill 

A, 


*!=- 


(3.1) 


Ifc-lic- . AjjujLujV 1 AjjJa^jill uai*\ \ A-Sj^^iaII j l <aljlVl (J£ ^Ac- £l (_3.^\) L — L . 

ic. \\W\ ol^jl ^ CjljL^Vi ciijl£ cli^A <jj^Ali il ^ a! 1 !>l£ til jLoj lij 


Gr —E r£^ G — E £, 

J J 1 ? /w m l 


(3.2) 


t(_|L<LAll ^A^^-ll ^x^iixll A ^^Lja^xll ©^fLall A^Loia ^3 Gj ^.3-a j>ai ^11 

S^jaall -A-^Luia ^3 G m jj^jj t Af <- <al jl^U ^jLja^xll a^iall A^Laa ^Ac. Of ^ A '\)} 
SjIaI] (JAaaII ^ a-s.~\ 11 ^jj^aixll ^A C. bjfl . II A (J.J^ ’Am A_3 ^a-£xaA 1 ^jLja^xll 

I Aj£^a11 


P = CT,^ = GrAr + g A 

1 J J mm 


(3.3) 


*uW (3.3) aAjIxaII ^3 (3.2) aA-AjlaII 

a \= E \ £ \ (3-4) 

l lj^)ALia 

(3.5) 


E x =E f ^E + E„ A ' 


‘ f A m A 

^jlc. S a jq, ^.^Uj ^jLiliU ^j .;"\; -"T* ^ H l u^y u^j 


A 


A 


V = — 1— V =— "L 

r f . ’ r m 


A 


A 


(3.6) 


E i =E f V f +E m V n 


(3.7) 
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^3 A_i£^a 1I a jLaII ^^AUali (JaIjcaI a«lC-li 1 Ai£/lxll a.AA L_fl^)ju 

£JjJ (JaLx-aI IjJ^vn I j4*j -IxiH^-aII a^C-la Jjai .6-3 (J^^i ^ LijLiJ Ji-Ljj 4 4_al_ilVi al-^ji 

* 

Jjjil .1 Jj 0 (_>» Vf JJ*2j La^jt Ef 4-ajall Jj E m <Aiall (j^i Ej (_£jAUall 

; ** 

(JaIxa ^Ic. ^ \)\W (J-al-*- 0 4c* 11L1 j 4 4_alxjJal aAxj (JaIxa a-ilc- 4. <n\ll 


(_^lj 4 — 0.6 A^^ali l \)W A jA^^kli c > \i>u\W AjuLaj A j\aC. ^j 3 Ale. Ej 

jjxlll ( x_a l^jl Ia^jjjIj L_u-ul_ijj V) Ei a_aj 3 ^Lils V] jjj 3 ^jl E m a^i^ CjljjAij 

El _j)Vn I^Aj . ^)ki.s-i\\ ^j-o L qIjDU A_ia^»^JI <jjoall 4 _j^)jLi LalUa ^Em ^9 


. L Q^U i 1 ^ ^ \ 4 W -^>1 -N. ^ 


)^i J aj.ii ^ jj)A*i^ Lgjlj ^jJaill ^j^a) 3 4 Aij^x^Ali ^ (. Lilli aJj)a^11 A^^Lola UaI 

A_uaij jI^SaHj Ua (_jJajl^ili ^xja'N Clilxajl ILj .7-3 (J^joili ^3 Ia£ 4(_£ jl j!ill ^Ac. ^aji^ll 

jI-ILaII ^ A)\\\ ^jiajLlli (Ja^j 4 Ji j » k m (j^ J ^^jUaiaII 4_njaull CL^\jl$j^\ 

- 4 -*v\i 4 ji ^ja aJaC-Vi 

A_ijj^^all 0jtlili ^jxaLj JaIj 4 1 La El (Jjj Vi! A_i1ax 1I A Ajq'i (Jjajj J^.1 

! J^jUaLill <jj .8-3 ^^3 ^xLjoaII ^oLIuiaII Ja^Jlj 



lJUISU 4u<iili j-4 E| jJu : 6 3 JlAil! 
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d J ft jLft 



uiLf^L SljA. (j& djUiull :7 — 3 



Ei 

GPa 


4»aA $a\) p.|j) AjlS^Ia]) Ej ^j3 :8— 3 

E 2 2.2.3 

^jLja^xll a a^Lail E 2 (_£^jAlJa]l (J-alx-a (jVl ^Tix’i 

(jl cil^KjdC <j^)ILq ^^3 . ^Ig.jlc. L qIjIVI ^Jj <jjudi]Lj 

a^)j^)jJa tiilj ^ \x\ .9-3 J^'l <^3 La£ C <3^3j-a-<i]l j L <a )\\\ C 5 ^ (J^-^J ^2 

a^A ^ t ^3 

^^3 CllVljtijVl 4 -^J^la 4jjJa^)3 ji L_lJ^)3j ^1 j ^l_iii]l l n^Aj V £A .^1.1^. ^JjilXA 

• 2 aL^-jV^ (3^^5 4-3^3 j-^a]I ^3^ 1 S-illl 
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w 



CJ CJ ^ 

£f - E/ £m - E 


2 ^ Jlaa-a Jla-a b 4 -\\ j-ualc- : 9 — 3 J^uJI 

idjljLg^V^ <j-a Is^LLajl AijQx^.aH ^^3j) L <a )\\\ ^3 Cil^VxA '^\ jl^jj 

(3.8) 

J f 

^gS s m JJjJ 1 AlU t VfW S (_£jljnlJ LliualJ Sf J pjj ^jjljJa^xll .2x21 (jj 

: 1 _ ? jljJa jxil Ajjiiul! ^giLsaJ <jj^J ‘V m W 

A W = s]V = V f W e f +V m W £ m (3 .9) 

J 

s 2 =V f s f +V m s m (3.10) 


• 8.3 AJ^lx-all ^j-«a Aj U jj ill Axj ^r. 

(3.11) 


E > = V ' t +V -f 


V 


E 2^2 ^2 


JlxijVl — A3^lc- (_j-aj 

(3.12) 


Z' A 

V —+V — 

f 77 m J7 

\ h f h m y 


£2 = 


E f E 

f m 


V E, +V f E 

m f f m 


: tJ Jj (^21 Jj Uaa 

(3.13) 
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AjjouIIj ^3 ^jAlkll £JjJ JaIaaI 3 \ liiijl^iA ^3 jA l3A j 

i ‘^' i> _ 5 Ac- axaW Aaj3c- (3.13) aEIxaII (J*^. . c. <>\.jlVl 

(3.14) 


1 


E V +V f (E / E, ) 

m m f\m f ) 

(JaIxa L \)\\\ (J-oIx-q Ajjudil ^j 3 dj^\j E 2 / E m 


IajS 1-3 ^ 1X .) 

• 4 Q i ^\\ 1 


j Ef I E m _j ^^2 /E „, ^ : 1-3 Jj.AaJI 


£/. 

E 

m 

P/ 

0 

0.2 

0.4 

0.5 

0.6 

0.8 

0.9 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

10 

1 

1.22 

1.56 

1.82 

2.17 

3.56 

5.26 

10 

100 

1 

1.25 

1.66 

1.98 

2.46 

4.80 

9.17 

100 


Ajja^I ^3 Cl£Aj (J^.i A*3 jOa]1 E 2 1 0”3 ^ Jn».j 

(JaIaaII AxSjIaII Aa^I ^jli Vf = 1 Ail 3o*\V .A3 j£xaia]I J L_ Lilli ^.IaIxa 

> iV , 

iil5i jli ta 2 (tensile) ^3 £-* .^UbU aLs! jaII cdli 

3tg_sJ JU> ^3 Iajjj 4(Ai^j-axJI J <j-ij) < — iLJVI (jJJ A_illiiA Aiajlj ^^jJojLj 

^ja Ail cSlliS J^V • : Uajl jll c> AA Jja 3j^.j LaI jll <02 (COmpreSSive) JaUjJajl 

^jLja^)x]l 3aIjla1I ^3La $3lljl C_aLilVI j)A j£l %50 j-Q jj^l J (_£^)J^)J-*all 
(jl iillL ^i*J ! E j- —10 xE m ^lj ^ JaIxa jI3La ^gixjJa 

^jjC- A_illc. ^ flljlVl A_b>ii j£j ^1 La ^gjLja^jxll (JaIxaII ^^3 l^)jj£ ^aLujj V L_sl_ilVI 

.Aj^^jaII o3La!1 E 2 Ajj-aL^-j ^\‘n Aij^^All jl I.3A j£ j)A ^ciilLui . ^.IaC- 


^3 (Ja^-aII (JIaaII ^ A^k**kH LS^" 3-a J x a ji ^j^AJ (Jaaj 

aLaLa ^3 aLa3^11 Lia Aij)q*,^*iAH . 1 1 -3 ^2 oL^-iVi 

IaA ^ic- IjIajc. 1 ^3 jiijj .13^. AjJai^-iA oc-La^. A aj 3 6 Clllc-Lut^Jl 

.Aj£^)a]1 S^IaII O^JAJ (_JAjg J C_fljJA A3jqj.^iA'i OJJAJ ^jl (J-.ly.Vl 


227 



i—iUlSU 4 jmUl 4 JVaj E-i CjIjjxj :10~ 3 JS^Jl 


i «3 XL'' j 



a£jujL<lLo CujjjI 4-ij^M ^l^ulijVl A )\ a * ,\ <L^3!1a] 1 <jl ^jJal ^11 

<3^j-^a]Ij L \)\\\ (jjj Jj^Jl AiC- ^_jLiJa^)*Jl ^1 JJ ^a^C. . ^alj (J^ ajjJ 


^l^.J)')!] OJ^ V tcillj C5^ *(3.8) aJjLxaII (JjJa£j 

c c ^ ^j-q V . U /}1 J ^L*jja _j. JC. \Jj. ^ ^^3 Ig 

^jj J-qI*-a1 ULbj <a j l <n"l ^jjj ^ j.i^Jl _^jc. cisL^lj^iAJ ^IjII 


V J Aj^)iaj ^l^kllioilj V] l^A (Jja *^-^ 1] (J^aj V .(_£^}&Uii]l ^jljJa^)x]l 
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djliLnllj Aj^ULaII V] ciAjJaaLiill oIa (Jja Aj.i^. <_£.1a .ij.w‘i 


(j^Jujlj^J 1 \ Uj. 1 1 Clljl^ lij Ajl ^ C I^A j 4 ]a*\^La 

lilE (jli ^ic- ^jljalia-a LaA^ (j^jLuilA ^}JC- <i^3j^xAl]j C. \\W 

b ja a\k^a £-*) Ai jL-a-oSI j l-LM (longitutinal) ajjV j^* ^j^W] c^ 

.Ai^ax-a-allj c. <n\H jj^Jl Aic- Aisles (_j-aa cLjIjA^sJ £-o ^AajJiaa A_isL-a A_ij^^ia 
V j 4jl_g_^n djVl^ (j^axj Ale. ~^,,x n3a (J£joijj — o^A (_^)-aa]l (Jj-g ^'N.'n 

A_i^^L«a ^a^C- (J^«^ ^Aj _^)-ol£ a^A S^Lall o^Iaa ^)IjjC.1 

.JaJI 


E 2 ^ J) A^Lk-iaVlj E 2 ^ Cy* 3.13 aEIxaII Cj1_x2jj 12-3 u-m 

.E 2 (^ Ajdl]l ABj^^-ali AaALuia (j!2u ^ja (Jlflj Aj^jlLail aAA <jl LiA ^jJaJj . A_iJj^)^li]l 

.’’nQaM Ai 1£ (JjULg (j£lj 6 E 2 (JjJafll CIAj^jULq ^)3j!L AjI 4.3 fi^)iili ^9 i£^y i 9 jj»u 

■j^ 



([1-3] Tsai (^Luti (jC' iliULJI) <UuUa!I *lj) E 2 j»ji : 1 2 — 3 
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o n 3.2.3 


u 12 ^o.LjVi Poisson or*' 




I (J^Lk (j-a AjjujLujV 1 iAjjjj .Ej O -0 A^Lola Aj^)LLo 


O 


12 



(3.15) 


.4-«j.1xa j CTj = O’ *>“ n*s O -0 j 

(Ja£j .13-3 (Jj-aaII ls xl^1\ ^)>.si\x H ^9 CLl^\jdLl^\ L jJ dIE Jxj 

^ c*\\M AJLLEa (jj^ c <n\ll ^9 Cli^lxijVi <jl li& A_1 ujLujV^ 4 jJ^Ua) nil A 

j> 

^jLja^Jl ajjaoll .El (Jl-^Jl jl£ La£ 4L_Lil]i oUjl ^9 <J . Hi j Aij^A^AH 

'■Aw 


A w —IV s 2 W o l2 s l 


(3.16) 


Ium.^wa l a nj 


^W ^mW “*“ ^fW 


(3.17) 
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(_jIa jjaull 6 E2 (J-oLx-o (Jj\Vi ^^9 ciliil AJjLxla A^j^IaJj 

L&* A fw J A mW o'^'-^ a J xj ' 


A n,w =WV m u m £ 1, =WV f u f e 1 


(3.18) 


:^]c. ^Ic. ^uaV'il l ^ (3.18)- (3.16) (jtlljlx^ll ^c-aJj 

Vn=o m V m +o f V f (3.19) 

14-3 (3^^^ 1 ^ T\a i ^liujLujV i ^-iiaij JaJ AiAIa-q s.ac.19 oAa ^ 

^jC- ^C- l)j J U m ^‘iu/l (jl Loj .Ej chilli] AJjLaa AjL^jlaJ IjjLiJ 

o^LaII 0^2 4_iudj (JJ& 4^)-i4^ l^ag j.Joxj 

(^j 7 ^jal ^cjtiill (_^a^)*j ^ j i aLJ*^ t V 4jl ^ I 

.2.4.3 Sjaall 



O 1 


Vf 

uiL&U A <Uuull fljl L>p jj*j :14 3 JlAll 


G n ^ 4 . 2.3 


j£&\ jlC- jl jjo\\ <J^)LLo ^9 ^-saall (J-aLx-a AW'lj 

CliVljtijV V) l.g, nj L<u 9 AjbUaiLa j c. <aj\H ^Ac. ClAjl_g_sA 

^)j-ajx]i ^^3 AAj.a*\ll 15-3 (J^joAI A\) (j' 

i 4 _UjjIjjjV I ^Aj 1 .A Yu J . (JaaaII 
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Ym =' 


Yf 


(3.20) 


^a j (Jlxijl — ^-Ll^^UI (JLoaI (_j£aj 

. Ijli'S (jl^ Ia£ c A_llj ^)Ja_i]l ^j^a 1 ^1 ((. fiLilVh SI^LaII 4_j£^}a] 1 jl ^ a!1 

^j^^aII ^jl .(_£ j^NJaII (^IjQaII ^Ic. & 1 a 15-3 (JAJU 

. c. <aj\ \\ ^9 <1 a (Jfll <ajqx^iAli ^9 (_j-£aall (JaIaa (_j-saa]l <11^. ^9 l <n\ll ^ja cJxiL 

:O^L*JLj ojjaJ ^Jaxj 

A = 7 ^ (3.21) 

IAjj^Lia CLi^\jtlj\ ^ja Ijj^sj c_a]ljjj 


w 


A = V W y , A, =V f Wy , 

w m l m ^ f f / / 


(3.22) 


^w# 


x^x 


jj_. 





(shear) (j^a Jj«vi ^ Jlw ^ j.nic- :15~3 JiuJI 

:<J| W (^Sc. ^Luiall <_s2jj ‘ A = A ffl + A ; . (jj Aua.j 
r=^„r„+i x /?> (3 23) 
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a 1 l)L*J 1 ( 3 . 20 ) aJjL*-o]Ij (j-°j 


7 



(3.24) 


: (J£joi] 1 ^ic- (3.23) aJjI*-a1I AjIi1£ 


■=F. 


-+F, 


' 12 



G 


12 


G G f 

w / 

_ E G f +F,G 

m f f m 


(3.25) 


(3.26) 


.E 2 lgj\c. (Jjj-aaJI ^aJ A3^lxil JaAJ AiLA^ o^Aj 

\^\ 6 Aij^x^^llj Jajj^-a J^)lL G 12 cJ*^ *E2 A^^> La£ 


G u 1 

G m V m +V f (G m /G f ) 


(3.27) 


V -Gf/G m — i ^ o-ic. Ja.1 [jA oj^J ^Gll jxu^l 16-3 (jGill <j^)j 
li) VJ — Gf/G m =10! jlS ls j^. — G m Gjs a ^G. jyjj jl G 12 — ! jG 
ojGlI ^.aig.'l ,E 2 £-a (JGJI G£ . ^ >-.'1 (_j-« %50 (j-a >— ililVI ^ (jG 

G 1 2 ^ *Ll«UL&]I ^Jii]l (JJJ .4 _j£^)a]I a^GI] G 12 w ' ^a\' 2al*-a ^G- ^ a^q . ■-. 

a^iill ^)Gjl) 12-3 3^ Gl l_g_^l2ajj ^21 1 GsI^aII l21iI <LG <iGc- <x9jjGI 

.(2.4.3 
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i-flUlSU 4 uh^I 4JV4j Gp jJu :16 — 3 JiuJI 


Aj.aiWi CjUaaiLa 5-2-3 


ciLjl ^>ja dAj^ULo JaLajl (jC. jlC- V aJ!Lq1 AIAxjJI <joi3L1a]1 
(JaI^aI ^Ij jjill c^ljiuoll *»" ^ J *^^)9 Jjiaj . I^aI.IVujjI 

Ekv3.ll JU^j 4_3_ijjoo .-1^.1 j fil^jl ^^9 dl^Lo ^^9 Aju^jSM 

^jjxj jiklj E 2 4-i^-c- ^ j ^Ei — ! lij'l <a'1 0 AC.I 9 Ai^lc. ^ jjjij ^^Jc. [2~3] 

II \\W\ SiiL ^jc. <A^.lj]lj <9j)qj>^All (_ja jJa jjU-J 


£1 =F / £ / +F„X 

E = i: i i: m 

2 ^>^/(l-^) 


(3.28) 

(3.29) 


E 


m 


1-21-uj 


(3.30) 


(_ja V] AaaaI Cljlj I^jLuj A ^uaiaII CjlilxJI ^Ac. dal _jjjx ill a^A V 6<^1E £a 

JIa <_£^kl a^_jlj CIjIajuj ^±uiiA CjI ^jjja 1 (JliSj .l^.jl • U m <1/4 cJ-^ 
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(jc. 4-A^ijll dlljl^-^VI J j) A 4 IjJVu 


jl 4_XJ^)A ^_flLilV I 

.[3-3] lJUVi 


2.3 JjLula^I 

<j£^)a 6 jLol (_£_jAUsi]I xj jJ (JaIaa (3^-1 j)A ^ ^aII Aj^jILg ^.iVuul 1.2.3 

cf jl^i* ^ ji ’’(inclusion)" (_ja a £a 

JIaaII ^ ^ \1 j . ^ -» \1 ^3 La£ — (unit) . 1^1 ^11 <xLja (J^ia— v ;\ , >/') I 
^Ja*) (modulus) JaUaII J Jn^ML ’jju .17-3 JLiil ^ (RVE) 

:A£*«]L 

o- FLA F / (l[L]xl[L]) F 
~ s~ 8/L~ 8/(1 [Z]) ~£[Z] 

: JlilSI jja j La j^Aj 4-jl j tjjlal] c* vwl j Jjaj [L] dn^. 

1 _ V dx 

E \e i +(E 2 -E 1 )A 2 (x) 

^_^JI jt^iic. (Jj^ 3 dx 4 _^j^LJI (jl -Li^.V . (j^yW^'l ^jjj jA A.2 (x) CIli^. 

c* i.wj La (jjj (jjill <4lj^l l^I tRVE — 11 Lj^fLiA I £. 3 ^* Jiaj (RVE) JLaaII 
aLA .RVE (JLaaII ^a-^^II ^Ia^.V C 1 . Wj La (jjjj 

.4.2.3 J\ 2.2.3 lM ^ <^mll 

^ixjlillj aljiLa <j£^)a a^La (JaIxaI 4_aI*JI 4i£)LxJI (Jl3^.l (j^-AJ ^ 2.2.3 

:Jj (dispersion - stiffned) 

£ £„+(£,-£„)r" 

£ „ £,+(£,-£.r/ ! [i-C 5 ] 

Vd 3^-^ *E m lg IaIxa (j-ajJa Ed IaIxa <jx£a 4 l)^I (j- 0 

J Aijq^A'l Aial^All 4_liau]l J] 3a JJ l.AU) 4<JX^a1I C‘ll 4_lA^^JI <Jjalill 

j)AjJa c > ^A (JLaaII ^ A'N.^kll ^)j-ajjt]l jjl 14-i^.jj .(1-Vd) (_£jLoij Vm 

.L^ 
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([ 4 - 3 ] Paul Jjj (jc-) Ajm-i : 17-3 JiuJI 


^)JC. (.** ll j 4 3-a x J oljiLiIi oJIaII (J-gLx-g ^jc. ^)Jju 4-^LxJl (jjC- 3.2.3 

J ^ia cs^ S^aall S.iW^ 

. 1 8-3 Uasj (J-qL*-a11 c > 1xai*\ 



([4-3] Paul J^j jc) Ajjj*Ii ^4 ijjis :18 - 3 JiuJI 

oljLo ‘kkjkt.s-iA ^ya 4-^^aII (JaIjla ^jc. ^AJU ^Ull <jjC- 4.2.3 

JL^ll (j^ Ia£ lisj (J-gIx-oII c > 1xai*\ L_ic.^)j fi L^jV^ <£L<uoi]l AiiAii a 

.19-3 
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^9 E 2 £y* — lij A_iSj (Jj-ajjj ^Al ^Ivru^l ^A La 5.2.3 

^J^LuiLa CJ\ Ag ~0 (_ja V Aj C5^-3 ^ sAl C5^ 4 j^Lx*ua djVLxijl — 2.2.3 

?U>IAV 1 Jc. ^AjaJI oUjV! 


A^Lj Ai^aj-a-oll (_jAajl^jj t fllAVl aJ^jaI^j ^JajJa^_3 ^ja <.«o* n ^3 6.2.3 

<A1a ^g-lxJj 4<3^aj-a-a]i 4_]ajajljJ L_fllA}U ^AiLaJI Jaj^k aII ^jLjjC-V^ 


1ac.I_a c2 - 3 <^3 La£ A^Lauj" AxA (J^sI^aII <A]a (Jja ^^AjJa^C- ^JailA 

.(_£^)j1a ^ja VAj (J^xaiII £J^)a L \\W ^AjJa^)*Jl (JAa (J*-^. 


Sf L uaII 4jjj-a11 AjjUu 3.3 


A-aALa 1.3.3 


Al ^a! 1 lAijlAiA AjjILq Jj ^ J j^JaII lAA^JaII ‘/\f, l m-v \ i ^jAj ^ J) ^ '*"* ^ ^ >' Q 1 ^jl 

^aiaLoi .Ia lc.^j ^JaLilc-l ^u^q'i 4_iC.^)i]l L^AjjIIaj <j j^)a11 4j^)Ha j 

J) ^ jjAiaII ^'j^Kja'1 CjLjjIIa [5-3] (Sendeckyj) j (Chamis) 

;IAAa <La1a ^aLaj t^ljAll iAijIAia djLjlaA c^aAAAI cij^lAaall iS^iA cAUa 


\ A\\\ jl all ec-LoiaJI (Ja^. a aJlflJ C_iLilVI <jl (JjlV'll A_1 ujLujV1 (3*^ 

= ^glc- IjIaJ&I . 3j J -‘^^J Jpl C5^] ^iLAaVlj (j-aA og.1 *«> J AjjLja^)xJl og.1 m-Al (Ja-s a <iajl^)il oJIaII 


237 


ClAjjtLo tAJaj u>ia A 33^ 4j.1j. 1V £_£lljA ^1.^ VujjIj 4jj1jj*j VLliSJ 

. VjjVaII 4_m]l d Aj^laJj t4_iJj^)V L <U.V CIjIjjILq t AWaII jj-VaII ^l^)Ja c4jj1,j..^V 
jl jaII djlc-Lua^. ci^LoLscaj ^9 t^l^)jjaui]l l V^.ll 3 dLjtLJI oia (_]£ ^a*1V 

jl — 4 jj^ja] 1 4j^)laj £^iIja (jjoan c^jj1ij^)ILo (J_jl 1 1C- Ia cl g.ajA'N (J-ax!lujj j c4j£^)a]1 

y 

llA (jl .4j j^)a dj\j^)Lixd LiA C1 jIj^)IL<i] 1 oAA c. VuVi JWIjj c4_allVa d>U.jlj — LgjtJA^. 
£a L_iSj]l jA liA lia^A ^jV 4-jl^ll llA ^B AiIa ^qftll j ^.Jou^mll ^Uj.iVI'1 

^1, W'u^jl ^)JO — A_1 jujLjjV1 ^jAIaa!! Ixj — ^aIiIa]! (_£ jjVaII AMVaII dj\j_j]aj 

3 (_£ jj^jaII Aljjl.V aIIj ^"^.aII • ajJ^a‘^ 1 il ^ a!1 aIaIVa! AjVq»,ll djVV*dx*jVl 

^V^aII djlij 4jliij]lj 0 jlllAAll 0j£jAllJuJJ (.JjjJaLuI djlaljA llA &3^)3 ^AJJ 

.[5-3] <u^ll 

, y 

(j* 2.3.3 A-j^jVqlll Ajj^aII AjsUall AjjIjjVII £^iIja]1 ^1\"u*i"i 

La^ac. <j^)Iaa]1 oia uiilj ^a Cj^La1_*a] Idillj 1 j\» 11 JjaVI jL^j! 3^ 

'jlj.joVuj.il 3.3.3 &3^ ^b ^jj . ^ 1ax. 11 ^hVujiVl ^ja 4jli£ Aju^a ^ ijA^. 

-^lj]l , jqaMl i,^ Uj>jJ j .^3l3^)]l Cj^IaIxa AjAV 3^ j)A 4 j j^)a 11 4j^)laj £_£ll_±A ^ja-n 

3jA*aVl 3^' j)A lj^)j^)jAa ^p«^l 33^3 4 j\j\ Vll d iljVq ill ^ja ^jjj£ jAsu cAJLoiaI] 

j- y 

aILcIaIIj d-L^\ jl Vll &1A 3^-° SAajaaII (.** il ujojflll V cc31l £a .33^ ( - 3 C * 

4.3.3 o^jiill ^jAj>jo*{i .3 a 1£ 3idj ^*-31 j <i j^xaiaII j l <>\jlVl q±i 3jUaS 1 3oUiL> 

cAijqj.^oAll j L_fll2Vl (jjj aIix^Ij ha' 1 djljjjtili ^La1a!]AJ o^jjja <jjl_aA ^j-aVaj 

(_^Laj — (J^Ia djVjiljtA ^jaSIjjj j c5.3.3 Sjaall . jjlvill <jj11a (^Aj 

• 3LmlLaVI aj^I 3' (Halpin-Tsai) 


Ajjj-aII ljUISj 2.3.3 

Aj.ij.wMl djldiill w'ujjI ^ja 3 [4~3] (Paul) 3 

VaC. 0^A*I1a B\ ^a]1 C12>IaIxA ^gic. PjJ^Jl (jW*l 3^1 ^JA VJo'N.ll <jj^)Al] 

<j£^a!1 ^1 ^a!1 ^ja Aj£jI±ia] 1 ^jjlxAl] <j^)a]1 O^IaIxaII 3j\Vi 


L_i ^j-u liiljlij c VaaLa-a o^A uTill (J)lVlll <xJaja ^jl jl^all ^Ij'll Va 1 n\ Ja^^La — 

.0 juli Jj£l cAjjiaj ^llxjj I^a ^ hm\1 (Jj\ V ll (JaIVj 
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(j -G <alj^A ^IaaII ^JjLaIa SjLaj <^JL*-a1I ^.Wi w dll a! taaj . ^_al_iIVh ©I^LaII 

> i. 

(jV ^JjLaIa SjLaII <j^£j . ^-^.Lia]1 ^JjLaIa a qVi-N a Aa^llLo djljj£-o 

J (JaLxa ^Jl . (JjJa^A oUjl ^JVua cJ^ oj)jx-UA A^njaili dllj^^A 

.E J 4_ilj ^a^jjS <j£^a! 1 S^Lall (JaIxa I_a 1 tEd J S^IsuLiaII a^Lall (JaIxa ^jj fc E m 

i^\\ j!lll ^lc> VdJ V m j SjjjuIaIIj A-Liji^)ll jijjUl] ^jj n^-^.^11 i u^'ill ^Jj ^a^j 


V m +V d =l (3.31) 

j Vm = l <J^ Cy* E=E m (jj5Lj (jl E <jS^all ojLall (JJjcaS <£> Ic. (_j! 0 

•V d =l J-l 6- E=E d 

iJajlLi-a]! ojc-la JjjLJI Aiall Cjla5l*JI Ja^l lS - ^] 


(3.32) 


E =EJ m +E d V d 

(J£jolj A uA Via l_i£^a 11 oc-Lui^. <j£^a!1 S^LaII diljj£-Q CIjLaALuia ij <■■** n*\ 

1.1^. ^Siii Ja^ll \.a\\ (j! (jdJJJ . A ja^^II lg, u*n £a j l^jULu^ £a ^jjIVia 

C<j-£al_^JI ^9 E 4 j£>^a1I 0 jLaII (JaLxa ^Ac. ^-IcJ 


V = v, = o 

m a 


(3.33) 

<C-jUaA Jjlijl aA-i^^La ^jC. dAj^fLoll CIl^IaIxa A AJ& Ic. ^Vn 

kc. jLLa 2 -a j 4V m =l L^c. 1/E m <c. jU^a ^ 1/E j-J! s^LJl (Compliance) 
I ClAc- jIAiaII <jc- <A^.Llll JajllA aII o^C-la (Jj^ • Vd = l dj^xjlIaII SjIaII 


1 V V 

__ _ V m ! r J 


(3.34) 


• E jJI dJIaII (JaL*-a 1 S^C-lllI a^A (j! (jlllixAj 

^j^aII (JaLxaII Cy* ±ZA\ jlfrO ^9 

^afi\ jjj L<ij Ljj£Ia A xiliVu (JlxijVij diVl^- (ji 4 ^j£^a11 S jLaII E 

djVl^ V ci^iE ^.a .<j£^a!I SjIaII ^UaII (JjLajj qc. A . lijjLujVi j 

AioJl jln^l j^)^ja!1 ^jIiulaII ^ic- A aI-iVia (JlxijVl 

I 6 ^)J)*^Ali 

E =— (3.35) 
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8 j *\\ ^a g c* 

^jjK^ (3^j a_^jUI JlxiiVt AiUa ajIii£ 


t/=i^F 

2 E 

U =-Es 2 V 
2 


(3.36) 

(3.37) 


^jfcUalt jjjj J^Ijla ^jJiSfl -^51 

Ia±a ^nJaj ^3 (_£^AUall ^Jc- LS^ ^JjjLujV^ 

(principle minimum complementary ajj^VI (aIIUI) a-^iJI Ailkll 
^ic. oaw<q (^aj^*Jlj (_£ AjoJl ^jjaLLg Aiic.l_jj-a (_^a! 1 energy) 

CiV-lU-4 t3a=J ^W) ^ (J° ,(7y ,T° y ,Ty Z ,T° X u^il .U 

AjjUa .Aj ^^Lud -g pl^sJ (Ja^. cAj-al_^Jl AjA^JI Ja j Alg_^.Vi (j^jl j3 

- jl^l JL«ioL SUmuJI (7°,(T°,(T°,T^,T^,T° X ±^.y\ yiaJ JUiiVI 

E 2.17 *H*AI ^ JUi^l -i**yi s^LP SjleJ) JUiiVI 

:(x»j 

vE / \ E 

° x _ (l +u)(l -2u) +S + * z ' + (l +/,)** 

: (3.38) 

Txy =G/xy = 2(1 + o) /xy 

AaUa bjjiiC' A VuJ-i j 

U= \[ ( a -v A + a y e y + o z e z + r YV / xv + r yz 7 V2 + r zx y :x )dV (3.39) 

<jl V oA.W^ll A-a^Ull j ^>AjJa AjIxaII U Aalia CJ^J 

• tj\ tU° JjLaJJ 
U <U° (3.40) 
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4_JJC- jJ ^J-olx-0 ^gic. *^* LS - ^" (Jj j - £a ^“^ 3^ (JA 

ci^. *W^^A a C3 <q -^-^ A-iuaLuiV 1 ^.}l^.Vl ^jly^Vl 

(j^ljJ ‘^llV^ljtAj ^J^a^JI oIa (_£l5l 

0 0 0 0 0 0 a /^> /I i \ 

cr A = a, cr v = a, = x xy = r yz = x zx = 0 (3.41) 




SjLaII (_)-qI£ <_ja jJa -1^.JJ (jl (_j£aj V ^aLiIa jl_g_^.l <1L^. <jl l.li^ 

^Juu 6 3 .4 1 ^^IxaII ( j-a 11a JLq cjLojl£xjl < jc . i“ rs. n c - s^juj <^111 ^a j c^l^^aII 

:Cdi**3U JUi^Vl MIL 


y, -U 


K 0 ) 2 


c/F =■ 


\ 


dV 


(3.42) 


> ^-> E m 4 ^jq . yj ^aa ~~- ^ (J^aa ^ ^Ic. E ^j^ij 

j^j J ^ V ( [ V >a a 31 ‘ ^ E t [ (J^aLst-a o^jjxJLLall o^Lai] LailJ ~ 

IjjfL) .V J ( -» ^Laa^/ 


f ^ _ f ay r 

J r i'„y p J 


dV 


dv vv v y 


y e. 


« v E„ 


- + - 


C/° = 


cr 


V V 

m _j t 

E_ E 


V 


i 3 6. 3 MjIxaJI U j U<U° ‘-luJl ^1, w'uaiIj ^j£J 

-2 2 


l£> < — 

2 E 2 


F F 

__m_ _)_ _r/_ 


V 


1 F F 
__ < ^ ™ | ^ 
E ~ E. E. 


E > 


E m^d 

V~E d +V d E n 


(3.43) 

(3.44) 

(3.45) 

(3.46) 

(3.47) 
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L—Lulillj Cj^/Lalx-<Ai 4 _IVAj SaLaII E (_£_jAUa]! JJ (JaIc. (J^} 1-&A 

(JaI*_a11 <aj3 £a J^jUaLiJ A^Jl lAA ^jl 3-*i*\V .^jj^ll Alkali 

. Al ^a! 1 4_Jjt La Jj 

^jAllalt jjjj J-alaua (jIg* (j^Vl 

Iaia ^uJaJ ^^)AlIa]l £_jjJ (JaIxa (^^Ac-l A^. AjA^j ^9 ^jjLoiV^ <_ja£j 

(JaI£ ^)JAlLa A.W‘A I^Aj 4Ac.l_ix-a (_£a! 1 t 4_i*al£Jl AiUall 

(j£lA »(3^ ^a!1 AjoAI Lg-l9 ^»,lj C5"^ (_j£LoV^ IAC- La ^ja^AI ^Jajai 

*SM c bjpN/l ^ Aial^ Jl*i3l J s* x ,s* y ,£* z ,/ xy ,/ yz ,yl x 

£ :£ 

i^cAj i (JLxAjVI LIL^A (JLxijVi LSlAa U (j£lil .4_j ^-^ajaa Jlxijl (JI.-vaI c<l<aL^Jl 

I (JlxijV 1 — aI^_^.V 1 CjIb^Ic. (JLaaAjaIj 


OxE 


cr,. = 


(l + y)(l-2y) 


r =Gr =- 

XV /xv 


£.. + £„ + £_ + 


)■ 


(1 + ") ' 


(3.48) 


'/*• 


^=U(‘ 


2(1 + y)‘ 

Lfjlla ^T, U^l'lj 

2 * 1°^* + a y E y + ^ + Vxy + + Z’.-x/zx )dV ( 3 -49) 

<jl ^j£aJ V oA.WaII cllUAjjjVl (jC- La^LaIIj ^a-ui^Jl <_jAjJa U 4j\» <>11 (JlxLVi LiilJa (j^J 

5 * 

‘U 

£/<£/* (3.50) 

4_llC. £jJaL.I ;E jJ (JaLxa ^Ac. ^Ac<! A^. (J^l ^j-o 

L j Jl*ijVl 6 cJAaj ^eL Lll AVuJ a-lujLujVI ^j^aH ^aU.V' ^jln^Vl 

L_fll^)Jal Aic. (JLxAjV^ (J^l J4 <_£a11 ^LLIaJI (JLxLjVt OJ& • ^ Q* ^ cJ^ 3 

:4 m \\*W 


* * * * * * _ 

Ey = E z = -U£, y xy = y yz =y zx =0 


(3.51) 
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A .aJo ua (Jlxijl aJL^. j! .Aj£^)a]1 S^IaII Aj^)AUa]l ^j^jujI^j A u n \ \) t»** \ j-\ 

(J! Lo CliLujl^xj! ^jc. C_fl jjjj tillj £-o j cA^^aII SjIaI! JaI£ <_jAjJa Cj\ V 
6 (3. 48 aJjIxaII) — tJl*_ajVl — ciila^lc. (JLax!Luj1_j .l-u^Li]! I^a 

; j.Wa (Jlxijl cJL^-q (J^l ^j-o <i^aj-£XAll ^a 


* 1 - u — 2 u u „ 

^ =— ^ — 

1 - - 2v ] 

u - v 


2 m 
m m 


0\, = <T_ = 


l-o_ -2o? 


-E m S 


2 »i 
" m m 


(3.52) 


* * * „ 

T —T - T =0 

xy m yz m zx m 


:^a SjLaII ^a 


i-^- 2 ^ 


CT =' 

' 1-0, -2o. 


2 ^ 
V 


* * 0, -o 

cr =cr„ = 2 T E d £ 

- d \-u d -2u d d 

* * * „ 

T — T -T =0 

xy d yz d zx d 


(3.53) 


aJ^IxaII) C1S^\jl ki^\ ^xj A_j£^)a]1 SjIaII ^9 (JlxijVl AijUa (J ^ ■^‘vH ^JJ 

JUiftM 451L 49^ ^ (3.53 j 3.52 ofchU-JI) (3.51 

: oj^ ‘(3.49 


t/ = 


£_ f _L^ 
2 ^ 1 


l-o, -4o,o+2o 2 „ ,. , s 2 r l-o -4o_o+2o 2 


~v d ~ 2 v d 


, 2 ^4 l~i 


m m 


—v -2 v 

m m 


E m dV( 3.54) 


u' = s - 

2 


1-0/ -40/O+2o' 


l-o rf -20 rf 


f F 

2 </ d 


1 -o_ -4o_o+2u" 


m w 


1-0. -2o 


is, F 


m m 


V (3.55) 


3.37 aJjIxaII ^_a U U<U ci±a11 . w'udIj (j^j 


<— 

2 2 


l-o d -40,0 + 2(;‘ 
l-o rf -2o^ 




1 - u -4u.„u + 2u 2 


m m 


\-u — 2 u. 


E V 


m m 


V (3.56) 
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•(3.56) ^JaIxaII ^9 Aj. w\l j x ai ji l_sa^. (J^Lk ^j-o E (,53c- ^^AcV^ a^JI t^^lulljj 
E < 


1 y„ 4u,u + 2u 2 £dVd + l u 4u m u + 2u 2 Ejr ^ (3 _ 5y) 


\-u d -2u d 


1 — v -2 v 2 

m m 


t(jj\v31 {ja oAA Aic <ljg ~n a Aj^^aII oAIaU 1) ji A_jjmj A_aj3 (j\ 

tAj^ji.x^Vl A_1 aI£J 1 AiUall 1 a±a c__l^.^aj . A, Wa ^jJC E ^_g3c ^^3cV^ A^Jl (j^fLa ^3lull-Jj 

„ * .... 9 „ 

1) dljliill U JlxijVI AiiUa (_J AjiiJI (jc. ''I i_Laj 

(^5 J* 1 AjLgjll jL^jj) ^ixj-adll *E (3^ ^JJC- 

■oj Jj-iaj yj 

dU* 


du 

d 2 U ’ 


= 0 


dtr 


dU 

du 


(3.58) 

ijjl -Luiij tlia 

>0 (3.59) 


=o 


0t/‘ 


3y 


u = 


4 ^ +4t) E V +^±^£ F 
\-u d -2u d \-u m -2o m 


(1- 

-v -2 o 2 \ 

m m ) 

\v d E / d +\ 

[l-v d -2v 2 ) 

'» m E Jm 

1 

[l-v -2u 2 ) 

y m m J 

1 E d V d +\ 

[l-u d -2u 2 ] 

\E V 

r m m 


d 2 U * s 2 V 


do 1 


w d v 


l-u d -2uZ d + l-u m -2u* 


:Vjl 

(3.60) 

iLaAjC ^AxJJ 13 a j 

(3.61) 

:U — i jjiljll (jlliiuill jjfLsj 

4£J/ - (3.62) 


Vj < 1 / 2 ^ u m <c 1 / 2 c^-^LiaII IhIjLaIa 3^)_i*_iia]1 SaLaII ^ a^j^x^aII 3^3 

La£ c^UaII 3_LLa1a SaU cJ^- 1 (jA a_iu,u] iijIUI Aja^JI a_aja 


l^jlalilAla ^lAlbj .S^IaII (_y^ 3^ a V^'u^a aa^^I^JI (_^jail aAaISLII AisUail 3I a o^a Aic. Ja^.V 

.^(_£^>Ju-aH AjI^AII ALaul^ ^)Jau-alill A_i1aC< ( _gi U ^aLcJI V] 4 A-«jA*-a D (5^] AjjouIIj 

244 


d 2 U’ , 

LojJ — *LajB (jl j eU^j Dm ^ ^xj tl^-jj .(4.12 

do 2 


dU 

AAA.JA (\~b —b~\ ^Ta -a 'l' l AiJI Q V i( j^^>\ \ (_£jLuij V fA& (J=4 jpi (J^\ 

v ’ " dy 


!|C ^ C ^ ^ 

6 X_j Aaj 3 (jl (^ 5 -^ (jlA^) 2 l UJ^ C . 


etr 

5l> 2 


•b < Vi 3^ ^ Lijj 


3 Lojj c 1 ^kl 


C_aUaxjl A Jo^’l jl ^xJaC- jl Aj.1^. AjI^J l3^J^ 6 3 . 6 1 aEIxaII (JLa*Jjuj 1 AiC- 

* # 

c3al j3 aIjLJI ^ j aj^ ajI^j ^ o _J aJIjS U Lfr i^i<> ^ (Inflection) 

.<alla-Q (_$ ^x ks-i Aj. 1 ^. AjL^-j 

O^IaII 3^' (j- 0 (JJaJ 3? Aaj 3 3^" u ’^ (3.61) A_EIxa]I ^aJ 

aLIxaJI ^ja n jxj E <3^ -i^* cs^ ^-^a j .<j£^)a11 

jLk, V c^j «3E ^ .(3.57 <b 1x31) n E ^ ^Vl SjU. ^ 3.61 

' ' * 

A j\a*, 11 djlqj^3-a"il' ^9 .E .w\l A_^j^x-a Ja*j t^jia^Ax]! ^ja ^±^J1 

Aa A] (3.57) y^lxAll ^ LgjJaJj*j ^aJ C (3 .61) ^^IxaII (JA n AaJ9 J^AJ 

Jl 

ijj (3.61 y^lxAll) n ojl^c. Jjlkj to m — Dd a^Ia'I aJI^JI 3^ <ja .E ^c- 


E <EV, +E V 

cl a mm 


(3.63) 


L <aj\ \\ ftUjl ^^9 ^I^aII cilijl 5 >jA Aj^jlLa ^ JC . ^LoiaII Ej (_£^}AUa]l £J (JaLxa A_aj 9 ^^A j 
■ Aj\*.qll Ej Aaj 9 ( __3 Cr (.jAc-l El $3^ 3-^ l-^Aj . L <aljl^lj ol^A Aa£^)a SjL3 

Ujj‘^ 1 A_UAjJa oIjLaa ^ ^I_ja11 c^IijI^ja 3^ (_£ jp^j ^J) AiLiJaVlj 


. AJjI^aII ^1 JaII 


(j£J j c^IIaII aJjIaIa a_j£^)a jI ^a Vj! 3 .}.^'^ 3^1^ [4 — 3] 3^ 3^ uj 
1^. (3.63) aJjIxaII JIaj 4 3^-^ 3nx- cs^ 1 ^ 3^1 aIjjIj 

(3.47) aJ^IxaII JIaj Iami ;l <aljl^3 oIjLq Aa£^)a SjLaI E 2 3a^-*-^^ LS^" 
3^' 0-° 20-3 3^J' ~ c3 l>° 

E m = 0.5 j t(73 GPa) J Ef = 10.6 xlO 6 psi] ^ J^ 1 
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Jjj^a^AI (_j£aj .(jiaxJI Ia^^ix) i jC- (jljJLlxJ — [3.5 Gp3. jl X 10^ psi 

.(3.3 (JjLuja]I A-C. ja~n a AAjIaa CIj^LaIaaI Ajial ^a 


(Shtrikman)oL^jiij (Hashin) u^>U j [6-3] (Hashin) o^U J jU. 

^)jc. cIl^LgLxa] s^jli cj ^Ac. <Jjj-a^Al Jjj j [7 - 3] 

p, w"i^ djl^)£ ^aj (JIa*!1*jj1 ^^Ac. Ia^LjUa cIjAxuc. 1 .^.liJ AJjIaIaj <joijl,v^H 
^ja J)£^a11 , W"ia A_j^ja <joijl V^aII ^AC- oJIaII 4_^AIxa] j£ja11 

^jAjja (inclusions) c* \\ a11 ^ ^a ^ ujAua (J£jaj Aj^a ^i^j-saA s^La 

IAa LLaV^ <_^Ac. <jAjJaA]l djl^)£JI ^uA^yljj V .^c^^aII SjLaII ^^AIasA 

£a (J^S'Al lg *.y*x ) £a C^Lu^Jl ^j. uIaj (JIa‘’i*\ 1 <jl (jA ^Ac- 

UIaa 1^c.Ljj <■ t iljc. i^ jA-in tiiBi ^Ac. • ClA 4 _ia^_^AI 4_ajou1I 

■ 4j\a». 11 ^)Aaill ^)A JIaj^VI AJL^. oAAj C C." AaJ^I^AI 



Ef 

E 2 

GPfi 


-(jjAjjj) 4A ja ®jL» Jaj (j^ E 2 :20-3 


i jaJI J) Ja£. [8-3] (Rosen) o jjjj (Hashin) o^iU ^lu j 

^j| LgJ L _K/M1 1 j M L>i^jr- 1 x c_al_i]SM .L_a \A% sI'jLJ jJi 

4 £±ui AaA 3aILa L_flU]l (1) I .(solid) ^aaj, ^ ■ j\ j£j 
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A Uiit A a ^ nHn ^*j ^\ A f~~~ ^ 1 l->^ ' cJi 3121 (2)j ^(hexagonal array) ajJ-i* 

^JAAA .4jjIjjaC- ASaja (_)AkS-k (*li ja. L d±3 ^3.131 

D jLaC. (jillLaJi t3 ^ ^-ujLujVI cJjlV'lll Jj-sajc. (jjfLi • Clil^Ua'l ^c. ^l£ 21-3 

. c <aj\ll 4jjl ^a i_A^jjLa-A *_a o.W'U djlil^lajujl ^jc- 


£_a ^)ialli]lj — 4_ijl ^ jaaJI 4^311 ^3 ^£^)a1I o.Wu dllil jiuujV I ^1 jaA L_ alljj 
4 jjLuaa 4 Uj/n 49^1-^21 a^La Ig 3-ijVi L ^ja — ^£^a! 1 a, W"ia dllj^)£2 (jjjail A 

^ ~N. ^>. J J^IxIia ^Lja! .la. ^Jl ^)aV1 £t\3j . ^>21 ^La^. 1 ^J1 4ij<U.^A\l A jA-a.21 A \k*i\W 

dll jl Jj! j3l ^j»U^) ^3 3 21 ^^*31 (J J\a‘) 3^ ^JA 4_1i3 .1x 31 4^-> u'2l ULa. ^9 49^J-ia21 

ClAll j)lu>aVl ^1 ^aj A ^21 I 21-3 3^*21 ^9 t s3 3^ 3j^ Tjxi ^)li31 4 SU-aj 

2jV (turn's out) 3j^4? ^213V1 al^jl ^k 3^^-*-* uj^ *42^21 ^ . j£^>a]1 a. wu 
djl^jhc- .Ja21,4 a\\ a.lC-12 J^l ^>21 <211 jA .4_3 a21 (_>2_^V1 ^*Ja^ 3^1 3 d 

331 AAj)~\ a 3 A'\a>.s-xa 4 sl3V 423 Ija A^\ \kx j\ 4jj1^jaC. 4^Jj 2 ^^jljJa^xll £J 3^^*-'° 

lla.V LijUj CjIjIjxII a 1 a I^ja (js ' ax j ^xuj^j ^*nj>jj . t - jUSII I 4 — sIaa! 4j ^lajJa Iaa IjLiixj 

ij.iaJl ‘3^ lS^ •^- c * jp* 3 21 4j^)2i 21 CjlxajillL 4_ijj^)a31 4lAjL3l 

a^i^ ^j9 3^1 3° 0^*31 3 ^ ^■\}*'. 1 A_1iuj1Jj 31 4^ u*3i ^^9 C!j^\-aL*-a (> _ 5 Ac- 

3^1 ^ja ^JaAJ ^jJaj l^A j 4 <3^)31 *^131 ^^3 4i^aj-a3l 3 aUa ^Jj L 3^^-*-° 4 jju3 

.a3axJ1 4j£^)31 j! jjA\ 


^1 jaII 4_i2L*J 11:9^ '^XJaaj 11a 4_3^ja*J1 4^31 ^1 jaa Axj V 4(_£^kl ^ja 

4 Cl ^AAA^ A qV'i-n. ^ e U^L i_aLilS ^j±AjJaA ^A lj) lA\h £JL .1—1 UlVU aljLoll 43 jaJI 43axJ1 

3^-31 ^_5-9 ^-3 t ^£^)a] 1 a. W"ia 4c- j> uaII djljl jla^V 1 3^ 49 j^x^iaH ^9 3jjLa31 ^3-3 

.11:3 J (,3^. (jjfLlJO) ^l^Aill jli 4 4_J 21“ 3 
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'Uajtj »jLa 


I -.FlV. > JuAuuliM *_iljji A£jii i 



AjjI ji *<£■ A^ujIJLmj ^3 j) ^ ^ *_al_ji •* L 

(Rosen) oJjjj (Hashin) ljU^L :21 — 3 

([8-3] Rosen jjjjj Hashin <jc.) kk j^l 4JI 


4 J 4ia jiJia Jjia. 3.3.3 

ji 

^ (exact solutions) ■Ua ju;-w i ' l j ijjjxj <]Luia nx'i 

jjl^jjj 4 1.1^. 4 _i*_x-£3 4JLuia djUj.iy‘rs.^1 Aial^ill 4x. j n^ll 

Lglij^jULoj S^)3 j!1a 11 (Jj)\*\ll Jal_Aji (jl l_Luj 11 a ]1 ^)Uaj 

4_j J^ aII (JjljAA (j-o Ia£ . ((J^V 3-l<U jl jaII iiiijl^JA 

(Saint-Venant) cita ja -cAoi_J (semi-inverse) ^ 
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laj L«u 3 jl (JLxdVlj al^^Vl dllu^^G ya jiax J ^1 4 (_)^»11 (j-° 9 j-?* 

.<J.1^J1 Jaj^jjoillj (j^ljullj 4 ^ Vdll A jlx^ilidll CLl^ A juc^\ ^q^kj (^ajiqdl (J^Jl (jl£ 


dlV alx-G j jjl jjll (J^j'qVi l_Adc. V C* IJ^J ^allj AWn VI (J^Jl LS^ C ‘ 

aj^LLg ^a ^jjjuia AjjIiuiaII ^-LalLall ^.iJb <jj 4 ^-gVI 1-^a (Jlda^j *(331 jail 

f 

Aj^laillj 1 g -n^qJ SlC- ^ <U«Vlll L_1 j)Vq.g 11 <iLi^)Aa jAsu . ^.^x^a‘^1 L_1 jl^ll AAj^ia yAjJa 

. 1.1^. <11x3 <jj^)-«iil AjAj.wMI 


jjo <^^11 ^L^.V1 ^ (inclussions) djUdWJl JjL^g ^>1U^ iAUa^ ^d 
£jld Adi J-i^ll Muskhelishvili dildld <Jj-g j a j.^11 <a j^dl ciAj^LLg 

J] AildaVd .[9-3] (complex- varible-mapping) (jSic. (Jjdd) jAid* ^a 

, j> # 

oA j.wdl ^)j-alAx]l ^ud^ia (Jj-g AjAAxJI (J j)l-kll c." l\.j ‘iV 1 ^)4 j£ (J£djj 1 xA-ijl (." iLaa'u J 

.sa j^JI <dl3 jjall j (finite) 


^j>ajJa <j£^a 11 Al ^dl (JjLui-o Ajj^aII ^Ac* Aj^3 oAC-la ^Aj ^ l *1^*1 

AjLla CuIa j Ia^. 1a^)^-g o^)3j!Lg11 A_ia1x 11 dlla^j^ll (j-G 11 Axj . (_£ dldl^d! 


CIjIj^jILg ^j-o aA^^xAI oAA Sic- 4 jIaxII dL/ljlV Al ^Ac. ^ALiaI! (J^nAdll o^jxj-ss 

Jji V l^li 1 jj^ J£V1 AjAj.W**A 1 diljjllAll • (_£ dldl^jA'l ^a <jjjJl 

. £.^dAl yj~xx.) <j J add 


4Aj£^)-dl SALd] Aj-aldJl Axa.Vlg 11 ^gic- ^)4 j£ A^, ^Aj AAj^aII dllj^jliLG Adixj 
1 g *i^l_j 4A!±Aj-aA ^jl <jj)^k>a (_j^di ^jl c — ildyiA (_jdaj . 4 — fiLAVl dll^)4AA 

( xAaliLGll dll jA L <>l,jlVl ^jl (j-o ^C.^)11 j 4 (J£dll ^^ilda^C. dalA dllj Lo y^ 

<£Lgj-g ojlc- cd U1V1 (JjSj 4<illi d UjjjI (J£dll A ,\jJ-i*u Ai^all <dl_iJa^)xll 

^Idla dual jxll c_ fllull JU£ 4 1 ,\3x"i Jj^l Ij^Lg 1£^Luj ^jl l.g 1^1 J 4 C5 _^.11 a11 

. Idlda^C. ^llall 


^xJalLa dil (arrays) dil.^ ug b,i^,ic- ^l^jl < alulVl c^-^a 

* 

^-Ijjl Cjllfki »ic. 25-3 ^gJJ 22-3 ^ JILiVI 2y^ . 4 q\*‘<<. a 4 ^1 1 

^)j-ajc- ( x-g <£jd (J£J (Jj-g-g11 ^ < g>^ 11 ^>J-ajxll (Jl£diVl o-^A (jjjj . L <i\,jlVl ^j-G <aild>G 
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4 \ \\ 4 (JjjaiII ^3 Wl*nx> (Jj-a-q ^ <Q >^ k 

Clljl£ I3j 4jl 24-3 (^ Ja^V . (tilli] V 4il J-ol£ fljil ^£> (_£ jO^J V 

ss « > 

(offset) -La.! 3 ^ 1 — ilJfyl cJl <^jj!ioll 4 *s u'j'l (roios) 

4_11_^. 4_uiij (JIxlaII (jli 4 AC-Ijj L. 

> O 

(^a (iUiS .45 ^jl.VLaJ A_lx*UJ^)ll CjUI^jI JJjJj A*J (j^ij 4 <XJ^a 11 4^ Urill 

* * * 

^JalL4l diljl . aLilbU (staggered) 4 ^ 4*3 ,~Mi ^jLr^VI ? 

(Hermann) jLajj* .<i^Ldl 4 < 3 :, <25-3 JSafl <^i < J£J3 SUWu.^' l 
4-ijxjj (JiLo-dl J«4*iuil 3-“ Jjl ‘ j -^44 La ( _ s Jc. [ 1 0 3] (Pister) 

. Jlatlall (Symmetry) e jkls 



JIm u a}> 

4 ft a a <Uaaa U&j Aauillui A£xu :22~ 3 JiLJt 


-fe>]4- 

<HH) 




* 


1 


>uajp 
J'la M 1 <1 (Jjjia 


JJ^UP 

Jlaa 

4 ft a a <luaa 4juja A£xu :23~ 3 JiLJI 
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•Uj- 1.1 j^aUfc ^4 t i_aUW A^jjaa 4 jujjj AS±ui :24~ 3 




( _, 0^*1 Jl ^lP 

fa* ‘-j * 


JIm 

Aftaa Aj4^^ j^aUc- *_4 t JLuiII 4jj]aluL4 uiLJV A^Jjla Ajuj^a Alxui :25~ 3 J^uJI 


: c j_ii=^j ^ ajj! pl£ui [1 1—3] (Tsai) c$l^j (Adams) 

o^A i^Wwaj .a!i*jj1a»jj A_jj 1 ^JuC. Cljl^ua (2 )j <xj^)-q 4_ial ^JoC. t." ua ^1^ 

^^ajj t<21j £_4 ,J^2kJ C." ll,^ u'll C.” Urijl ^g_9 dll^JuJI 

u'lil' (Jj'Vi 0jtij ^j-Q (JjJaal a!i*jj1a*jJ1 A-u\ 4£_ulil (Jj\V‘i 0jtij 

!* ; 

<jl ^9 <1 jL-u A >jVi (^-g ^)j£l A-iiJa^)-G aAA A*j A_ijl^joix]l 

C1l)\ j\ V‘i ^j-o JjJa3l dliajl 4 _xj^) 21 u^li 

.\-ijljjj3 4_i*ilj 4lJAxJ 


^»jujIj •* a^)*-} AJaji 


Jjl^l 




(illiA 


4_i^aia CjbjLa Jax4jU (Riley) (^'jj (Whitney) Lfr iijj a^.j^ LLkta c 3 jaj ^' 

O.W'u Ajl^iajujl ^>4jJa L '<l\x,A L ‘<i\\ ^Ac. l,4g ^ jp*vj .[12 — 3] 

^j^jj cJa^3 l.i^.lj 1 ^yw<a V] ^/Wi V lijl <21A .26-3 La£ Aijqx^i4 

L aljiVl ^JLa^V A^al^dl c*\\M AjjI_ui 4 Ajl jA-a^Vl ^4jJa A 4_iiau]l 
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33 /jV claLaj 4 -s V 1 . , 4 u>i^jq\I ;> 3A - " ' ■ :-j\ . 4 _i£^aII a^Lal! ^jAjJa 

4i)lc. -l^.jJ V 4_jl l^Oy . djlc. \ j3 alljj ^J ^lllilljj JJC. JjSlZiI 3-flLllV 1 i- 

IjA 4_jl_*aili]l Ljajl . C. flLllVl CjlSiau ^a ^3^4u]l IjA ^j4J 

^jlxajl ^jLaj i3ll_iA .[8-3] OJJJJ 04^ 1 J)£j>3' o l^ILa 4 M j U> , ,iV i ^j^ajj ^O^aill 

j^LajjA c [ 1 3 — 3] (Hill) cJjA ^O^aj cjia l^jaxj ji£l 

(Sendeckyj) j (Chamis) ,_ynA£ Lag^sU jjiill «.[14— 3] (Hermans) 

a [ 1 5 — 3] LuljJajC. ^i.Llall 4jjLa!la ^_alj]l kiLa. 1' 4_^jj^u £ajj .[5 _ 3] 

.[16“3] kljjia 




r. <_Liit jka (_iu3j 

r j ubiil jks (_*uE 

r m <U3j1^U SjLaJt jh3 <_iaalj 


Ul^tJ Ji-.Li.Ei 4 j£jjE) 4Jljlauiyi :26~ 3 J£4it 


JjaJl AjjjaII 4.3.3 

tLo Ic . jj (J£jJuJ Ulc. t Ajqj"l j! £_ lix-aj 

> 5! 

dAA .(27-3 JL^I ^-aIsLiIg Ia.^u^iVi ^j-q V*^ 

>a CJ3 L_fll_Jl dual^c. — ^juj jj*\\ ^ A-ajI 

. ( ^)la3 dll i d £-<a Jjj — ^a! 1 4_ld ^ Igd ^)ji_x-a 

(J^-l ^j-o 4 ,,a)Wid' dASudll dilj^ jl jjA\ C1i^LqL*-a C1l>\j\Vi (JjA*j ^ v^.j cl^Aj 

^ax2l 1 g k^-xx ) (ji (_£^ o^jjlVlo cdLilVl Cjjfi* 4-9-ja^. .id 

^3 ^jajc^Cu V <> LoLqj ^3al*\^ (I) -0 V ^ 

4-g^.j (1)^ • JJ^-^ Lg-jJaxJj l^)jl Vi>a lg x>aar 1 (J^- 3 i £ iC — ^ jjjili 

^jc- 4_i3 {jj^j lJ^- (1) 1 ^ c t Ij^j jj j\j\ V i 
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t 1 £-g L_iUfyi A_i 3 U-J^ cJ^* (2) J (j^x.^11 L^jJaxJ 

^jjl, Vill l_jLic- (jal S 1 C = 0 (jli t _jjlv^l C j lij . (J-oIx-aII 4 x^ili 

(J£jjall Lg£ t (Ajaa^^IIIg £)Ayj IIgIj IjjL^j C = 1 J (aJJ>x1g 

C = A-ftjall (j-G C (jl l^J tC-jLil^U Adllc- ^ A^GJ (j-G .28-3 

5! It f 

tA_UJj2bJ L g^Vi Aij^)Ja [5-3] ^r J^J.Vn**J j ^jalgLuj o jC..1j UaC. VIj-o AjjLLgII o^A ^).ux‘j . 1 

. AjLaj£ iiUi£ Ig Af\>.s-i\ <j£5j 



LiU&U ^jixS L-UJjHi ^GXUJJJ A : 27 — 3 J^u^l 

(JaIaaI] [l - 3] <, j Luc. VI (JJxj jjlaaJl .iklu ^ull Ajj^aII Aj^jULg (j- 0 

: L5 -lc. c_aLlVl Jj AujouIL ^jLja^)xll 


£ 2 =2[1-v, + (v,-vJFJ[(1-C) 


K f {2K m + G M )-G m {K f -K m )V. 


CK m + GJ + 2(K f -KJV m 


■ + 


K f (2K m + G f ) + GAK, -K f )V m 

C f — * f — — ^1(3 .64) 

{2K m+ G f )-2(K m -K f )V m 


K,^ 


G 


K =- 


2(1 -u f y f 2(1 + u f y " 2(1 -U m ) 


2(1 + u a ) 


(3.65) 


253 



4_j jtLa q a C t A j'^C. ^)Jaj j {ja 1 j 0 C ^ ^ jl J 

^jlliill £-a — C 1 oJ^atlLa ^j 3 (J^.1 t(V m Vf aJV-1j E 2 J AJ^laill CIjIjW ‘^11 

' f ' * ■* 

4_aj3 (JjJaalj (jal Jj Aial^xill C 4-443 ^fixj .4_iJJ^aa]i 

J^aljj C— 1 j ^jxaa L. ’<i)\ (_]£ OJ^ A^^ (3^1 jJ C— 0 (ji LoJ .SUax-oll o^LaII AjjujLiaII 

• C \ A is-i^Wa L<u 3 ^)3a‘n.ali ^ J^Q> ^jjjLxu] ^).)'^) yi^oWi 



^J>-« *-aU]{ 

gjjt, J 


* ifj[i 


([1 — 3] Tsai ^Lujj (jc-) t flljiVl jjUai (jli jIsIaII ^buia^l :28 - 3 


I^lc- ^Lujj 


„ =(l c) £rEL ( 2K . +G .) V f + K - U . ( 2K f +G ~y. 

‘ ! 1 ’ K f (2K m +G m )-2G m (K f -K„)r m 

lC K.u. (2 K, + G f )V,+K r v f (IK. +G, )V , 

K f (2K„ l +G„)+G / (K m -K f )V m 


G„-(1-C)G 


2G, ■ (G, -G |C 
— 2 — w 1±J!L + CG, 

2G + (G, -G }P 7 

m \ j m J m 


(G /+ G„,)-(G/-G,„)K„, (367) 
(G / +G.) + (G / -GJK. 
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*UgvUaH A_xuall j C j c(3.65) aI^Ua!! ^s &3jl ^11 L_aj^)l_*ii]l (_jAaj j^laj 

.(3.64) aLUaSI ^ 

fiUji ^3 (JaIaaII Ja-lllA a! 1 fiAC-ls JtfL- CL Qjlll L_fllilaj«£al ^3 L_J jJ*Jl ^JJjudSj O -0 

: Jj US UjIJVI 


£,=*(^£/+^,A„) 


(3.68) 


(Jjaj V ^UIjj c 1 0.9 (j -0 &3-C. k L Qjlll L_flliiaj«£al Aaj 3 ^)ja'n 

^jj \Hj\j k (JUj .JajlUUl ©3c- Is ^jc- 1^. Lujj-ut^-o I^ULl (3.68) aJjUaII 

. AjIaC. ^Ic. -IaUjj cLuj^^j a-la-lUi 


^aUl ^Ui&^U O^jjjaII (^^IiaI^i]!) AjJ^Jxai ^11 q^xxa [ 1 3 ] (_£Uj 3^“^ 

lillloj .A_i^.Uj L_flUl “^g-ulSjJJ |j— gjulj Aj Sja jIja J^.1 ^JA Gp J E l9 E 29 O l2 

.(Gpa 73) E f =10.6xl0 6 psi:cK»jL^k JJi (baseline) <bc-Ull 
JL«^b ,v m =0.35 j (3.5 Gpa) E m =0.5x1 0 6 psi .^=0.22 
J G uJ E v E 2 ,u uJ ^ U-ll £ (3.67)j (3.66) .(3.64) .(3.68) ^Yi~l! 

ctiilj ^ic. .Aj^c-lall ajSj^JI SjUII 3^.1 O -0 lSI^j ‘31.3 (_gij 29.3 u- 0 
‘(110 Gpa) E , = 16xl0 6 psi . — ajlb J^U^s jbh ^jjSj (jS-<u 

^Lajjj .(governing) 4-^UJI cJJAxA ^ (41 Gpa) E f =6xl0 6 psi j 
cASjaj^aAll (JaIxa 30-3 J1AS <j^ .<JSl~ JiA* .U* >Sfl Ga 29-3 JLill 
aU ^.ja-n ^ .A3 j<U^ia" j LjUuU (jjjuil 31-3 JSjaSI 1a nj 

C L ^)jUj (JaIc. ^Lj 1 :Aljl t 3^.1 k L-fll qj-lA^y 1 (JaIc. Aaj 3 £-ljj C(JISjujV1 

^)lajl) ^jlllljkxA ^jjiAjqll US (jl A_iJJ^^li]l ^aUllj Aj^jUa]! (J^U. ^ja 3^1 j .0.2 A Aj^li 

(a£.Ui2kJI lIjUjIU A^ULa c4.3 a^ill 
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([1 — 3] Tsai ^Iuij G 12 J E 2 Ef ^luu : 29 3 



oUjl ^3 o^LaII (J-gIx-g ^j3 ^3 <]1£joi 1 L_ Lilli (JaLx-g 

Ajjuiillj ^^jLja^xll <j£^a11 ojLaII (Ja1_*_a ^pl!L .29-3 ^Ei l qjM 

E m *."* ^30-3 J^l (jjjj 1 -a£ 4<3^j-aA]l (J-qLxaj ^p^l E 2 ^ qpN oL^ji 

5-ajall Jl SiU^yij (1.4 Gpa)0.2xl0 6 psij (8.3 Gpa) 1.2xl0 6 psi^' 
G 12 (j-asll J^U-a jjl j^jj t30-3j 29-3 (jj'^t'j'l 5jjlLa ^jc.j .(Baseline) 
o' 31-3 jiia (_ja re . L Q )\\1 a^jjlj (l)- 0 (JaIxaj ^jjIjj 
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_J\X kS-» 4_j£^)a]1 SaIaII CA^]Aa 1_*A ^3 Ajj^^A^J C_al_i]!yU (j^Jujl^J >». U^l'l ^)jjlj 
^ 4a£^)a]1 SaIaII (JaIxa ^9 L-bulill oAA ^JJjJ V ^9 . C > lul’ll 4 j\aC ^aJ9 

<J ja ^jj V .JaU-aII Iaa (expression) SjUc. j^-kj V 1 $jV Ei UuM <>UjI 

u 12 Cjy-^ y (J^.1 o* 31-3 <_gi] 29-3 (j-° cJI^jaVI ^9 4 *v1^tja]1 AJjLaa 

.ajSjJI SaUII (major) L ^k 3 JI 



(ftidge factor) "^'a^ lW^"— j Ai^LJI ^ C jjUil J^tc- 

JaIc. ^a. W‘uj.)J j .Aj^laill iAjlx9j!illj ^G^Iaa ^ja l_9^\Jajl ^ ‘i«,a 

<jl 4-]j)g.A*n .4jjJaj]l AjAaJI ^jAjJa 4_iJJ^)aA]l CllliLnll £Aj IaAjC. Jaia9 lAA Jal_JJ^)Vl 

SaIaII a A^.1 j ^)^k ^)1 ^)a1uj1 ^jC- ^}J*j l-o (JIiaIiaII 4 ^jj\ V^l (JaIc. ^a jg 3 a 

^ic- 4 Aa ^)j£l AjaII ^j^ajl ^9 4 4 ji£^)a1I 


CIi^LgIxaj jjUall ^a J)g 3 a (jJJ ^aL<uA^U S^JJlIa AJL^Ic- A^^-j (j£aa11 ^ja .JaxjJall ^ajU^TN 


. JaJt-AaJl j A2J! ^9 4 _li±2»JI j 4 iLilII djI^Lui^. 


(j Luij — (JaaIU 5.3.3 


cijljW \a j^/j cIjVaIxa aIjLaII ^ jj^ja'I ciLjl ^jaII ^cjliij ^ja-n JIajj 

CIjIjW^aII ^al AVuJ (Jla-G IaIlj 4(JIal*JjaV^ 4axj-a SaIc- CliV^k-All .SAAxa 

^jJaij cJ^jaJ ^ I'W '1 ilA^Aj . ^a-lAj— allil ^jaI^II ^aliaili ^ja IjU^l ^\x*.si 

,<j£^a!1 jI^aII ^jax^"i Aic- I^JIaxJjaV 4,ku*n ^cjllij 
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XiLqj :i*j ajj U/u J aJ*\ jaJ [17-3] (Tsai) (Halpin) <j^2U jj^ 3 

.A-^jJ^A A-JIa^J oi& ^IaJJ .(_£ \ .\)*lx'\ Jj£l 

(JA (j^AJ tLijlj .^OAX-sadll A j'aC. Ig-Ai.WuJ (j^AJ tAi^JuJ Igjl tV jl 

.A 3 J j A\ xs-i Clijl£ (jlj to^j.WA a^lc. (jj^j (_£ JJ^Ja'I tilijl^iAll gijliij ^jax"i 

y * # * * 

4 _ix>u]l 4 _aj 3 l^j LgL<u 4 ja^jjJa^sj 4 -v ^ l 4 _ijl^^/l (jl j.Ijj ^Ac- 

.^. 1^11 t^JA J L-flLiDU 4 \1 


(jLajiA J Ljjj [17-3] (_jLaijj jjJlA (jl 4 jjI^=>.V! j&y?- u^! 

4jljii.l [13-3] (3^1 (Hill) Jja jl [14-3] (Herman) 

cs^J 


E,sE f V f +EJ m (3.69) 

v a =u,V t *u m V„ (3.70) 


M 1 + ^, 

A?., ” 1 ~rV, 


1 J 

(3.71) 


(Mr/M ,,)- 1 

(M f IM m ) + c 


1)23 j E 2 ,Gi 2 SjLaII JaIxa = M 

Df J Ef ,Gf i \)\W JaU-a = Mf 
Dm E m ,G m (3^1 <ijaj^iA]l JaU-a = M m 
LS lc-j l \\W\ A^jil ilA ^gJc. .Iajju (3^11 Aj^^aII oJiLil] (JJVIj Ajj&II (JjjIAa ^ UJ^J 

Aj^lLo ^JA ^ ^aJ 2 ^Ac. (Jjj-aaJI . (Jaa^IiII iaj^jui A x^.VlA 

AJa ju>ia' 1 j 4 m\ t.^i\\ (3.73) ^J^I*-a11j (JAaa 3^.1 (3.72) aIjIxaII 

. ^Wia'I ALUaA *»" ll jVq'l AiaujI^J ^ i £jtj jl A-<u3 ^aJ tAjj^^il] 

(jl .Ja2l -vaII dJC-Uil Ia^aC- AJ j^aH Dj2J E^ (jl Jaa.^ 

AjJ^j^AiAl jl a Aj^^aII jI ^aII (J^l o-° ( 3 j)Ja*i\l aAjIa ^L-uj — diV-A^t-a 
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(jjoSjlx-all [18-3] Thomas ^Iajj JJAL tJUldl Jjjja .4nn^Ai J\ 

sl^Lall o^Lut^. ^ic- (3.73)j (3.72) 

y 

A^jjllo 4 aj 3 ,lj.lau ^3 (^Lau — ^uIIa CllV ^Lxa (JIa*HujV 4j^*-aslII jAjj 

(Adams) ^aI^T 0j\lij £a ^jlllAA LS^ 1 

^^3 4_xj^)a A^Jja tjAjja jSjiil 5 jjj!^ i-iUll <La. [20 3]j [19 3] (Doner) jjj - j 

4_ijaij ' V- <i£ t 1 = ^ La-ljc- Gl2 l . jl 1 6 2 = ^ La-lic- E2 L T j\ ■ jia. 

J* <J->* Liaji .(33-3 j 32-3 jiajl) 0.55 (_£jI-aj l_aL35U A\^y^ 

[22-3] j [21 - 3] Foye ijjk ^ — 1 ^31 <J^ 0 ^ - jIjaaII 

(Jjb-aj IaAIc. tillj j cAjjaIaII A^Jjoi (J£ja]1 4_x_j^)a A_ijLja^)C- £_LalLaJ L <il,jll (_ja 

La^ic. .35-3 j 34-3 ^uJajj 1 a£ ^0.9 Jj gJ)UE>U a ja^^'1 ^ajouII Aaj3 

<jl 1 j c A ,\jAtu*ia 11 4-ijLiJa^xJl ^JaliLall dll 3 tj? ^3 L <i\,j3V £_£l_d J 

# y 

I 1 AjjLaa ^jl_iJa^)x]l dLjLai^. (J^.1 <_ja ^ 4aj 3 ^jl 1 jl xa £a 


4 =2 


6 


(3.73) 


^ 4aj3 (3^J (jl 3 jV ti3l3A£ . (JjAVujaII ^^jlda^xll £_LaLoi] 4_iC-l2l 4_Jjdll a/b \)^ 

^-saall (JaL*a dljLui^. ^3 


log 4 =1.73 log 


(3.74) 


.35-3 j 34-3 ^k Anull ^$jk g-AUj ^a ^Ijj ^^Ac. J^.1 <ja 

3 I ^a3I (^)a ^Ld — ^jjjAIa diV^btA ciilxSjj 37-3 j 36-3 

(_ja (_£_^ ~ Aj^^aII 

y * 

CllV^btA )3-allj Aj ^il!) ^jIa^jA A^LjaVl-J cAIiaIAja j <*j^)a CIjI^Jja 

0jllij cIa^aC. 2 = ^ ^-0 C1jIx 3 JJ ^jl .(^LajJ - (jjJlA 

^3 *Fy > 0.65 l)^ o -0 cAauiI^jaII CjI£^JI (3-^ c3A u^j c^ju^aII djl^uiAl 
gjtii (JA 1^. A_jjla!iA — 0jlAj (jj^A tG_fll2!yU 4_1A^L^J1 A ,\kii\W jXks-i\ ^aJ3 AJL^. 

.AjujaII CjK U : li" ^ j3 
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Adams ja\S\ ljIjLua fljl (jil jj) Halpin-Tsai .uiU ljLIua :32— 3 <J£*M 

Halpin cj^) 4juja uiUIV E 2 ^ Doner 

([17-3] Tsai ^Lajj 


[23-3] (de Malherbe) l (H ewitt) jL5t chilli £* 

^2 Gl2 (J-adl (J-qIjla] <jJai^-±A 4 _aj3 (^LulJ _ (j-nllA Cj ^^Ixa <jl 

g Uai'i ^ja (JAj>Jo L <l\jlVl Cljlj <j£^)a11 jI^aII 

A, qjq^ll ^jc. A ajqII (Jjjj t^j-aLk .0.5 (j-a L qljpU A\a"\^ 

^jii^^All luK] <ajs ojiA j cGf/G m — 20 <J^I o* Vf=0.75 -He. %30 

A^.1^11 4_aj2 <ja V^J ^ (_y cj-° J ^ei-Lial^C. ~ <^ 5 -*-*^ 

!g)A 4 •^“l Yu*) A 11 A Ajqli (jl C^LuJjJ 

£ = 1 + 40^' 0 (3.75) 

Ia£ ^aI^V (_£-}AxJ1 £a — g)^2lA CIi^jIaa ^^9 Jajl^jjj 

. A W'Vi tCjla^btll ^ja Ia^)Jx£ j S AiCAjdl oIa gjj .38-3 J^jaII 
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VI LjA oIjlajVI l n'c. _jj£1 (^ 1 <j£-oJj 

aid ^_3 4 il , .-.VI 4_jc-^)]l (Jjajuj 4 ]j*j • lall 43^1! Cl jLilLalLa ^ jl alia <iV^C- Jjliiiilul a j3-» ^_3 

. . Ji' *,?"', . . V ! 4 U l - ^ 4 Jn i * - '. 4 '■/■'■/■■ — 



6m 

j^ljl cjLLui^ fljl (jJIjj) (Halpin-Tsai) ^Luu — quIIa CjLA . . :33 — 3 JiuJI 
£&) 4*jj^ 4Lui ,>1^3 JUJI AjjjIj i_«L& G 12 Ja.S (> (Doner) >jJj (Adams) 

([17-3] Tsai ^luuj (Halpin) 
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(Foye) tsja liLL-a. fljj (jj| jj) (Halpin-Tsai) ^luu-^U CiLL^a. :34~3 J&A1I 

,jjjJU jjfr) Aiui JluJI 4jjialuu) A^LJajC. jjalia uj)i i_iUW E 2 

([17-3] (Tsai) ^luuj (Halpin) 
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16 



Foye <_sj 2 CiLL-a. *lj] (jjl jj) (Halpin-Tsai) ^luu-^U CiLL^a. :35— 3 

(jjjll* (jfr) A£jJu q4j^ 3 JluJI Kli* , .. /■ <LuLu3j& *ialLa uj)i i_iU3V G 1 2 tj* 

([17-3] Tsai jluuj (Halpin) 
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E2 

GPa 


Halpin 


#Jl-9 J^i Cyi E 2 iliLLuA :36 _ 3 


([17-3] Tsai 



e 2 

GPa 


(Halpin) (jjJlA (jc) ujjlw — AjS ja SjL» J^S £h* ^2 -37—3 

([17-3] (Tsai) 
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cjULuA fljl aJajlaII (Halpin-Tsai) ^L-oj — ^nilA cjLLua : 38— 3 JjLuJI 
<>•) Aju ja a£xui (jaj ! a JluJI Aj>U uiUIV G 12 J^S (> (Dormer) (Adams) 

([23-3] (de Malherbe) (Hewitt) ljjjjja 


aa1i^_a (arrays) (j-o AjtajlA a cislc-Lua^. ^ja a^^.j a^^-q ^jj 

LgjA Aj£^a11 oaUI ^_£Ajj IA_a^_a A^bjja A J^i^k^La a jib 

<jl V ilA^A j .A_j£ja]1 SaLaII CIj^LqIxa t A^u'iill <LaiAiA Cliljjju 

Itill A Aj*.U> tilliA J tdl^Lolx-oSI (j-iSAll C5^ *0*^A (J^Vt IjjA^j 

■* * > 

2-L4S. ^Loj -jjJU Jla (approximations) CiUjiall J 

. 4 '. \ * -. y \\ CjLi.U 


JTkk ^y* — Cj^^tx-G jC- j . -^i n\l ^jkaxJ CjL , jj jj £1 i _j£Lqj 

1 ^j£^j t tVjl *Dj ^ jaJ3 Cj^L^-g J W C- 

tO = ^ Lg-igc- .go 0 t^us .iklj ^ji ^ 


J_ 

M 


V V 


M f M n 


(3.76) 
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* } 

SjLaII (JaIxaA ^Jjl A^. (j^'v^ll JaLaAI C5^ c ‘ ^A^a^ 4j&LC. ^A j 

: jjfL i oo=^ LoJuc. .4 _£^>a]I 


M =V f M, +V_M m (3.77) 

s= f 

fijlc- (j^jiLAI t Ja-AlA aII A_9j^)aa]I C(_£ jl jill ^Ac- Jalij JM ^A^aj 4i£)ic» 

o^LxAl 4_jJj ^ AaI (jc> ^ I^Aj .4 j£^a]I SjIaII (J-qL*-a] ^Jc.1 Aa. ^L^jLj 

j)A Uni ilAa. AA1 _x3 ^ac. c_sl_AVI jjli ^ ^ a^)jat**a (J^.1 j)A tL <aljl^lj 4 j£^a1I 

jjl^lA 4 j£^a1I ojLaII a^Lui^. ©jljj cs^ ^AAx9 c_al_AVI oj^ I o^ia^ ^ 4 ^ (3^1 

i** i\. xa) n\<a j^.1 (jA (jj^4 "H ^ 4 jA^AI Jill <jl (jJlA (j^-^ t^HA A*j . <3jqx*aAll SjIa 

* 4 i 


rj = 1 


(3.78) 


- A ^1 ^_La]l ^Tt*-' 1 ^>a (_£ c I axu 


77 = 0 


(3.79) 


:dilc.l^)i]l (J^.1 u^j 


n = - 7 (3.80) 

£ 

(.“ n^. tL_fll_iSb\A AAjILa 4 Ja-^.^ 4 u^ Vs (3.71) 4 A^I*-a 1I T|Vf A^Al (_j^aj 
T| (jl (3.72) AAjAa-J (jA ^_AaJJ CiiHA ( Jc« Sj^ylc- . 7^ ^ 1 (jV "4 \Ua 1I" l_L-aj (^axJjujJ 

j)A . I g.jc. ^ 4jjAll] ^jujAJI (JaLxAI ^jjLaIj ^Jj A^LjaVl-J t AA j^aII ^I^aII (^j^ajU^-^j jjliii 
39-3 cJ^JI <J J c^Latj — (jaJIa <AjV^I*-a1 c-jL/^I J J£l s^LaaII jj 
jj (jA AjIjW m aA jj <c.^)judj j^Aj - , T|'V r f I aJIa* (3.71) aLUJI j 4jjojLujVI AAjUJI 

(jA T|Vf ^4 jiii4 l- <i '^ c ' JJ2>UI J] L5 JLjuJ ^ c’* ll jW ‘^aII £_AAa. (jl I 4iaju) jOA ^j3 

£_ia^. j£lj t0.6 (jA ^}*_x-al qJLa T|Vf I 4 _a1axAI Jill (jl ^-AalJI j)A . A^.1 ^11 

(j^AJ .0.9 4_Aiall Jl (Jj-aj T]Vf i ^43 tJ^I j)A 4_ajj-u^)a 39 - 3 J^^ll ^-3 C!41 )W‘ia1I 
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^I^aII Sic. ^ \ <C. jIIg (j-G A_1 jujjj^) 11 <." il jWiaII oIa JLg ^1 ■ W'uj,)! 

. Aj£^a11 



^ 1 ic- jjIg jj (jA Ajjoujjil M/M m ljIj W m : 39 — 3 Ji&t 


Aj^ajaJj CjUaaiLa 6 - 3.3 

^jud3 (jlx.nj cAjIx3jj j (_£j^)5Lia] 1 (j- 0 .l^jJ 

^Lujj — Cj ^ Ajua <jl j±u . L^qI.^'uJ l_l^j ( ^ 5 ZlH CljLu^illj Jl^Jl l^A (j-a 

. La^aC. aJj^a A_j^)ULg (Jjaj 


CjUIViuJ ^a! ^j-g aj£^a!I j1^-g]1 ^9 ij j j£LJI (jiijUjSI *A<Ji A*j 

SjjjjJa tillj ^ixjj t([5 — 3] j (JaLgLjj ^lajlj Ajjj^ja' 1 A_mll JLgC. 1 jJaxj 

.Ajj^Lia AjjjL Cljljliic.1 J] Aj^UJl 
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3.3 A&jAy* 


Ia^1_a*iLa 1 j <(3.53)j (3.52) (jCiEIxaII jjliiCil ^j^aj <» (j^ 1.3.3 

.(3.54) m*Ji 


^ L_buij ^jjjIj . jpxjiiHj oljLo SjIa j m,'3 2.3.3 

.^^)ALla]i xj (JaIxaI .1^31 ^3c. o^IX-LIaII S^IaII LS^J 

jIjaII SjLaII (j^jl >^i-\ i ^Wn L<u 3 4 _ 3 ll 31 Cl il jjll 


Ud 

E d 

Um 

E m 

yui 

0.3 

(345 Gpa) 50x1 0 6 psi 

0 

(34.5 Gpa) 5xl0 6 psi 

1 

0.3 

(345 Gpa) 50x1 0 6 psi 

0.3 

(34.5 Gpa) 5xl0 6 psi 

2 

0 

(345 Gpa) 50x1 0 6 psi 

0.3 

(34.5 Gpa) 5xl0 6 psi 

3 


^ l/\j) v d — 0,0. 2, 0.4, 0.6, 0.8, 1.0 :aJUSI ^IS E ^ l-l ^ I 

c 1 g,Vo>i j t. (4 jIuaMI daln^lali AjjjjjJa — ojj^CaII £-Sj 

^| 4_pJc. Clijl£l c-I^joi c<l-al_k]l ^j^aj C‘ n*^j 6 Vd ^3V^J E LuLij ^a-ujjl 


.4jj^)a 


aUxIIaII j 1 jl» 11 Jj.1^31 <ja 4Jj^)a1] AjAiwMI CjLuili!l ^a. W'u3 3.3.3 

C1l>IaI*a aJVAj ^cjlliill ^jC- . j)\x nllj dI^La <j£^)a S^LaI J^I^aII O (JaIxaj 

V m ) A^I^aII A jA-y^kli l^-ixujj (o^j1i*ua 1I C‘ il m *\ W GdJ <3^aj-aAll G m ) CIAjj^aW 

IxjJaLk q^5Lj (ji Aj£^)a11 oJLaII (JIaaII ^ a^^II H ^3c. l_1^.jjj *(VdJ 

*y i£ ^3Wia ^ u*i i (_j-£a3 Jlxijl AIa ^clijj X ^3-VnA (_j-a3 
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i S-^ ^Ac. S'^' S' 1 '* - ^ &«^G 3^1 cIh 1 E (jjc. 4.3.3 

. 4 a y. . ^*EI l >i ^jjajAj CllEnaAl ^ja ^JA^I a4E& (j! (_^l 4 ^jjJ^Ea 

(3.76) aEUEI £mJ 5.3.3 

(3.77) *H*JI gSU 6.3.3 

—(3.78) CjV JAAe. (j^ ..I cJEij (J .^»»“' r| — i aE^AI ^jSJI (jl 7.3.3 

.(3.80) 


5fLuia2l CIiLj jlLa AjjlLa 4.3 


4_i£ ,j^A| j]j^AI 1.4.3 


^Ac. ^AcA 1.1a. S' '"'''' Aj£^)a ojEi »*■ .1 . ua 4 ^a]I EjjISxq AjjlLa ^jl 

^jj (jjii]l ^j.lVI .laAlj ^Ac-VI .laA! [4-3] Paul oS^ .oeEaaAl 4-iixall A ^ jfl]l 
'jy , „i Till AujS aSaixji (Ja.1 (ja [25 _ 3j 24-3] 4_uj^)aA]l ClEEJI £a Ei^jtijp 
703 ) 102 xlO 6 psi (WC) jEauxiill -lujS ^ ^jjj SA*- 6 Eya ( ELij .cAEj£ll 
Eua ELAa i(Co) CilEjill A_u.rAE El i0.22 -Eial ^jEaj Eiiu t(Gpa 

.0.3 or *' jj Aj*aj Eua j (207 Gpa) 30xl0 6 psi ^ jj dal*-« 


\1 (3.57)j (3.61) (jjliEIx-all ^ o^LaII ^ajj 

<jr^ ia. (^Ic. Jj. /V\ 1] (3.47) ojLaII E *L<u3 C5^ 

> 

(JjLolaII Ig'Wllc. — ^\ ^a !1 E^lljl ^ ),a Clllx3jJ jjlij 4E^]j AiLjaVlj .A-llC' 

(J-aix-G o^jIeC. t^j-aLk cJ^A?J .4 -IJlIJAjII CAjLJL Ljajl - 4.2.3 J) 1.2.3 (>« 



4(J£joi11 A {x^A 


e.+(e*~ e .Y. 


2/3 


£.+(£, -E.)r d m (i-vy) 


SjLaII 

(3.81) 
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GPa 


VcOBALT 


(jfuuit W\\ ± ajj£ Q a Ajjjjaail ljULoII j Lj^iLabuJi 4 jl2 j1a]| AjAaJI ^All :40 — 3 j£«uAI 

([4-3] Paul Jjj C 5* 


4Aju^}^a]l CliULnll ^iLjaVlj ClAjjlLAl CjIxSjJ 

Jts ^ja V jj ^JaI*a ^Ac. ^Ac-SM a^AI ^jl Jo'sV .40-3 

aAaIxaII 4-^jn (3.61) ^aIxaII d aajjA jjAIj uj^ t^AlAlljj *^1 uia 

(_JA . <_jj!iuJl_lAl A_1J^)£ CjXolxA J ^ Inl'l cj -0 A (3.57) 

aI^aII tdulSjJ A_Atl]l <AaJjui2l S^)Iu*AIj ^Ac-Vt A^Al ^g-LaxJ 4 4 _i 1 ax]I ^C> y ^\ (J^.1 

aH S Ac- Is ^jujIj A_9j^)aa]1j 


E =E m V m +E d V d 


(3.82) 


cE J 4 a1*11a]I LijAll j 12x11 AjA^AI (jjj E 1 CliULnll .\) m — 1)^ <2 j 

^jj jj 11 jAju ttillA (jjS . 4 j<ij5 «\ iAjA^. A jA^Ji oAA ^£3 l_l^.jjj Ia IaAj 

IgJ jLAlaII djULnll ^_a aI*. cJ^aaj UsIa (3.81 ^AaIxaII) aI ^aII 2.2, a 1 
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^jijJjII Jjlll £-a .li^ Axji Jl j«1j l^J jLaaII CjLjLnll iajljjj V . CliLiljAJ 

.S^jIijljaII C^LuJI Jx,‘n Laj3 oJjoa CIiLaJxa V <<^111 £a .(3.81) aJjIxaII 

ciAiLnll ja-n a Lil£ ^^a LaLaj 1 g k^\ VI aj^^aII ^I^aI] ^Jaj <<^111 Jj AiLjaVLj 

aja^ J Jx [7~3] (Shtrikman) jL^Sj J2>j (Hashin) oJU .ajjjj^oII 

.i^jji^j a_iju^)^j 1I dAiLnll ^j-o Uja J£l 


UiLi SIJLaII Au£ j| ja!\ 2.4.3 


— a_j£^a1I jI^aII ax. j Via 11 CjXqUaII Tsai (_£Lujj 

ULEAJ ^j^jujI^j ajjaj j Jjj JaI*a Jjj .[l - 3] a_J_^JI L_fll_JVl dill 

0.5xl0 6 psij 0.22 t(73 Gpa) 10.6xl0 6 psi ^ ^ jllj 


. Jl iHI Jc. 0.35 ‘(3.5 Gpa) 


JLijILj — LdLifcU A_ia^^J 1 A.im'ill A qV'rs.A ^ja J^.1 <ja tA_ijj^di]l diliLnll ^jjllj 

i)i 2 ? E 2? Ei _J Jl Jll Jx Aial jaII 3.67 j 3.66 <3.64 <3.68 cV^UaII ajJ^II 

< jjLdill JaIx tC J <G_fijlll L_flliiaj-al ^a^X JaIx ck Jx AjJi^ll jLijll AaIxj »Gl 2 J 

> 

L Oft ^ja£j -Cjk Jil £ja! j (JL^a lI^- 1 O -0 AjJa^ll ^uLnll <■*’ lljK a!1 ^j£aj <■“ 

l^ya Lxa ^a£j ^Jj-sa J ^Jl J (Jc* (jL&^Jl <J A_JJJj^llJl j Aj Jaill jLiill A_j JIa 

jLjill £a (J£ja 11 J AjJaill jLijll dial jj llj .La (_£ Ja j J JJ A-iaVL-a ^jLiJj (J^.1 
AaJI tilll£ Clidal jj La llj itilll Jx 4 _jLj J1 J® <■ Qx^jJ Axu^aall 

AjIj GVn^k Jljjll G_L-ajJ iC J k (jjiujl ^ajll Jd a Li u>a ^)JX jLiill LjX ja-na 
. ^)^Ldill (JaIxj t flLilaj-aVl ^a^X JaLx ^gAj)g,^A ^L^Vl ^ja LjA -^jV L^A_j . ^a^ 

^,>‘^1 j j'W a J^.1 ^ja Ei S Ajjiiillj A_ijj^)^ill 0jLiill 41-3 lS^jaJI 

k ^3 jAiiu ^jj 111 <C — 1 aJIjij qaA Ei J Laj .%100 Jj %10 l>° JJj 

Ji^ill J Axu^^aII CjljLnll jaju Jj .k — 0.9 j k — 1 (ji±Aja jlilkl ^aJ ^a J 

CliliLnll (Jaixj Jj Lajjj $|! JxVl -1^11 (3J L^l) k — 1 1 JIjaII ^ WaII 41-3 

L Jal jaII Qn W aII ^jjj jLijll A_nlxi Jj tcilll ^a .k = 0.9 1 JI^aII ^ WaII CIi^j 
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4 _iixall cijbjxJl q \ Laj jLilS Ua 3 l_^-Q k — 0.9 £-0 ck = l j k — 0.9 i 

^a^C- Vi La£ ilfljflj Vi ^>‘ni^)li ^ jli cljj.lj l.g at U**i ^aJ ^3 

Vj — ^gA^Vi -l^Ji Jjj 3 ^JtSljll 0jtiili <jj£j V ctiUAjj J^xiLuiA i^ai L_fll_AVi C_flliiaj-£ai 


.<3^La ~ Ej ^jjjjLujVi <ii^Ji 


(_£ AjjjjJI 4_iioul] <li^£ E 2 i A_uj1_L<iHj A-j^Jaili 0jlllili 4 1 “3 (J^JuAi (jJAJ 

iC — 0, 0.2, 0.4, 1 (J^i (j-Q 3.64 j Aj^laili ^cjlUjli (jiajxj . ^ ^ ni j]i 

(_^^Jaili ^ W \ a \\ <J!Lgj CjULnii C — 0.4 j C - 0 1 (jUsi j-<Ai CjIjW uAi A^jj 

^ya ^jji i*^- i*^- '(.JjaiLouli ^Jc. (J — 0Jui^)" 0^lj*J ^a^ioi^Ali 

.d^Loi^ll Lla^)Lo i jjjiL (JiLoj tC = 0 1 (Jjsi^Ai 


4 j^)tidU)t 5 

10 s psl 



« 70 10 20 « 

iLtJl iltil Aluiiit t R 


70 100 


([1-3] Tsai jluii (jc.) j *ljl E 2 j Ej :41-3 JSJJI 
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([ 1 — 3] Tsai ^Iujj (jp'j *s$ jbr j ljUjc- :42~3 
V 4jli cC jjUall (J-alc. (Jjkst-o (J£joijj 41-3 (J^l 0 jtij (jl £-a 

jia*J S.I 32 J ^aJ C^^a^iJl l^A (J^l cj-° . jjl^llll (J-gIo ^a jg $x>\ iS'^ O* 

Aj&^a J 1 ^-g C5^ (J^l (j-a — <j£^)-g jl^-G ^a. W‘u*)'l L-J3I Vlll 

j 3 (jl U>l3 Clllkjl 4 ^^U-G^Ij L_fllj]l (_^1 CO jjl JJC. c C = 0 Clllj 

c flldllj C = 1 clijl j 4 _iS^)-G jl ^G ^.Ic- ( 3 " Cy* ^4jj C > 1 U^l3 (_J-GjJa C_J^5J 

(jAjJa c_Jj£i]l 0 jjlj £jJaj G_ iLJVI (_£ 1 cjjL^Iill AIgIj 

jj^.g '1 Jj Aimillj LijlaJa^C- U£ 54 ciSliA (jl^ cJiilUJl llil£ c_jjjJaall 

^]^1\ ol_^_J^M ( 3 ^ j 42.3 J5xJ ^3 ^jl. u^i^H Auj ^aJJ l^Q.VlC. C 1 .^^3 . c_jjjJaal] 

(j^fLa cdHjj cl <aj\ \\ 4jl ( - 5 ^ Cr jsll ^lajj «E 2 (J-q 1 *-g 1 I ^jAjii 4_jl-3 

jxiillj ( xloS ^ ojL» lit < u f =0.3 j (207 Gpa) E f =30xl0 6 psi 

ctt U JJ o- 3.1 ,4.1 <3.5 Mpa) .50x1 OV/j E m = .45x1 0 6 ,. 60x1 0 6 

. £X = 0 3 5 A (^J Ail i>»y\j ,i4j51j Ajilxla 
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(jl J»^V . J^l ^j-g E 2 0 ^^ 43-3 J <^'1 

^ja C1i1^)-g ^jjoju 43 - 3 ^ n^jll ^j-ukll ^2 L$ S^ A (_£A-g 

^3 ^1 jli ^Ajudll 6 <^iE aj^-C> . (j£jol]l (j-G (_£^Luu 1 ! ^LGJUda]! ^JA (j£ 


<jl (jj-GJuaall ^9 aXiLg c!j 1 ^)-g _y^ c ' ^ ^-u^i 


C - j C - 0 c_y o -0 3.64 <!jI*-a!1 £-g 1^. J£j1j 3 ^ 4«uj^)^j]I cjULnll 

C-flljJC-Vi (j-o ^ V (j^l j 0 jlliill (j-a C — 1 4-1^ ClAiLnll .1 

£ja . A ^J^LLgII (J*,>j IIg>g 1 . 1 ^. 4 _nx-Gli lx*ull ^jl Li& 

^jal (jjA^ .a^ILg 5-^oA C — 0 ^-11.^. ^ djULnll 3 ^ 4j^U 


. lS-gI*J <LfA3 ^ a_iaaV^ (^ c - 3^*^ 



E2 

GPa 


— 3] Tsai (j^) C=1 j tC=0 j-* iVj 2 — 4 _ 5 -u*£^jj| *U£ j-g jI j-g! E 2 : 43 — 3 


(ti 


— <j£^)-g S^LgI 1)^2 1 A-ru^^ll 44-3 

<Jjou 11 ^Ac. ^- 11 ^ 3.66 aEIx-gII ^jc. 4 _A^.Li]l Aj^)Iaj]l Cljl_x 3 ja]l ^Jj AiLiJaVlj 

> 

C — 0, 0.2, jjL^J (J-gIjC- 3^.1 <j-G Aj^Jaill t^y^jSL J . ^TkVliyi jp^^H 

; * 

<* Aia]l Jjal Jj Laill iCjliLu]) jxji ^ic. Ilk. kj-li. JjaljJ C = 0 4-ajall J jg-iaJ .0.4, 1 
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(J-olc. — ““ ^3 (j^fL . l.g \C- o^)j-al3 LljJ l^j.1^. C — 0.4 



Gl2 

GPa 


([1-3] Tsai ^luij (j^-) Aj* >* SjIaI G 12 j D 12 :44-3 JluJI 


a-^LiII Ajjiiill G 12 1 auju^^jII 0jlm3l 1 x>ijl 44-3 

^ tiULUl 5JU ^ L£ .C = 0, 0.2, 0.4, 1 jJ c> 3.67 aLI~JI c> 

(jl C = 0.4 j C — 0 1 (jj^al j-«Jl jnW \ a \\-} a Jj.W^q Aujj^)^j]I diULull (j^ 

^Ac- _j! ^Ja)^ LjJl (^ J jjll ^Ac- AA^j-a^ 0 ^^0 1 A* ^ ^.l^Al 

aJL^JI ^ Aij Cfij-P (3.3 ojiill jlajl) (Paul) Jjj Jj csj*^ ^^51 (JjudLuiill 

! Lij^l ojj-allll jj^Jl 0jtij jj ,E m (j-* Ef e* \.^ a_ia1^)11 

c> jjlj ^Vl Lga^ o^lj <C = 0 aJU [8-3] (Rosen) ujjjj (Hashin) 

•44-3 lMI a^jj^^jII eiiULnll o^ x ) 


275 


1-tlh-vS a 3.4.3 


IaIc. ~1 jn ol^Loll Aj^^jaII ^1 ^a!1 (JaJ cj-° — (Paill) J J^Sl 
(J£jaj jI jaU ^IIaaJI Ala. ijlu .[4~3] aj£^)a]1 SjIaII (JaIaaI Aial^A Iaj^ 

. Cj iSLjj^II ^ ^jj u Jt Till ,1 ij^)£ CjLina. Ja.1 ^ja A-iAi^all!! diliLuSI £-a 
E i, 1 cIjI^jIjc. l <al jIVIj ol ^aII aj£^)a]1 jI ^a!1 (JaJ o- 0 (Tsai) ^ 3a», j 

^gjA^^jJ — 0jj|j Aj£^)a SjIa (Ja.1 ^ja AAJj^aall diULull £_a l.lia. J^jj Gl2J ^2n ^12 

dj&A j .<3a! jti\ ^-IaL^I jA C _jj1^jS1 JaIc. u] - [ 1 — 3] A u ial-> j l-aIaIIa SljLo 

IAj£^)a] 1 ftjUll ^ga j! ^glc. 4 a11a1I _jIjV1 Ajji^aII jI^aII ^ajU^T*k (,4 \^a*i 

Ei ^ o j±& <aaLaa Ef (1) 

Gl2j E 2 <A^-A AaALoIA E m j3jj (2) 

El C5 ic. AlJl jjjIa Vj ^Gi2J E 2 CjI jjjUII U m j Df jgij (3) 

(JA cAAaLa.^ ^_sIa]Ij oIjILaII Aj£^)a11 JI^aII Ija. ^_A (JaIc- cj] 

Aj^^aII ^I^aII (Ja.1 (JA 1 Ag A JjLaJill (jjfL VI (J^AaII (JA iliHi £A .Ef/E m — 20 l.g \y\ 
0jtii5l ^ja jAaVl ^tiHuiVI ^gJc. (J.Vu^j . .la.1 jll <ja I_jjj£ Ef/E m l^-}3 (jj^J 
0 jixAl! Aj r jVi l l a.£ jaB SjUII uj^ cV ;C = 1 J C = 0 j AiaijxJ! 45.3 JL5II 
(34.5 Gpa) E m =5xl0 6 psi — j aJLi*. L^a ^a^jj .^Laj— L5 ja£jjij] ^ 

*UaoV (110 Gpa) E f =16xl0 6 psi 5 -«j 51I Jlc- JaUa 
aJjIxaII ^ja L-ija^A jA Ia£ 6 E 2 -V^aII ^jl 45.3 ^gi laa.V .Ef/E m — 3.2 aauij 

•C — 1 j C — 0 (jjj 1^ l <jqli jI^aj j-Juj _ 3.64 

4JULa]| (jl\ ^jU5j4 AjjHa 5*3 


^aSIa 1.5.3 


^1_jj!Laa1I dI jIaII <j£^)a11 ^a!1 4-jIjaSI qh iLj 5 Cjlxajj ^lij 

c!lljA ^A .<fbLal]l ^JaliAll ^^3 l^llj ^^jlalAll O^LudaJl djLxajJ i^Ax'\W ^JA 

(JjaJ ol^A Ai^J-aA] AjIaaII Clll^lAA ^jc. ^La1a!]A1 SjaIaII AajL JA all ^-ilAi]! ^JA 
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£a A 1.1^. ^-iLxull 4_nIcJ 

Ual] 



([1 — 3] Tsai ^Lujj — 1 Ua j) — lh 4 Mj-vl ^ j* SjIaI E 2 : 45 — 3 


©IjIa AjIaaj Auill Ajlllo * (jj'Qg *Q (jJC- jjJa^ 0 ^^3 0jl*_iuj 


(J^Lk ^ja 2 . 5.3 ^^a a 2 i ]1 <jllLo ^j-sak^j ^"iji.>] . c. <n\H oL^jV 3 ^ ,>* 

* 

Jj ^iLjaVlj cl^-uiaj <jII1a 1I j*a> cilLoj ^j^Aj ^al , W‘u3 

e£>Lk ^ja 3.5.3 o^ill ^ ^jIHa ^jj c_k^juj .<jIaaU Ixj^jj 4_ia 

^)jj£ ^IajAI ^jlc- jjJa^All (Ji-iA .<i^ix-£aAJ 4jal*SA\l C_fll_i]^M ^j^AJ ^al . W‘u3 

^aJJ ^aJ t^ajJl AjLsJj ttill j £A . j!>La ^jIiaaII ^^JCiaj (jiia.121 


i at Ml slajl (jk AuJl AJlla 2-5-3 

4 11 <aj 3 4l 4 J)j La-ljc- aL^j^l 4j-Lai. V i I u_flLAA a' j^ijl 4 _i£^a]I a^lAl _’’ ■» a V ' 

(brittleress) a a l > ->«' i ^Jc. Ls Ic. jj J^A 1 Altlll £jjVl cAIj4I jjc. lillij 

* 4 Q 1 ^ 4-v\ l C al_i2>Ll 4 |u/'l l 4 n.^ 1 4 j\ 4 ^ ^1 4 'un'il l 

(j_jA (J£joiJ t <i^aj-a-a]l Lil£ (3*^ \ \ (1) 

(J£jolj (J* k'n*! IaI c^j^jaII (JlxijVi A_al2Vl ^)-<il»jjj (2) 

c ^j-Q 0 J)**l\l (3) 

ojLaII cj-^j 4C — ^ aUWl (4) 

JUijl — 4_LoLiai CjI.jW \a 3^.1 ^ya 46-3 ^^a 3^^^ ^Jajjj 

^j4J ^ja t (_jji^a11 Lq^aC- ^A c sIaIVI (ji Jaa.V . 4 -J^^)a11 SjIaII^ Aij)Qx«aAH^ t, 

J£ja 11 ^ (j-iiL Ia£ ilij^laj JaVi j Sc-Loia. jj£V1 4<J^^)a11 S^IaU ^j±u$\ ^jjjj^Ali 

(Jj-aj V t<jl_kAA .3 a!^.^)a 11 4_ix-aii]l (Jj-aJ V t .46 - 3 

(Jx^j <j£^a11 S^IaII ^)Lai£jl 3*-^^ 3 ^*jj j .3 jl 2 (jjiil^^All ^ja <_$! ^Jl 4 Aij^^A 
L_fll_J^U A.JUjj‘^ 1 4_iLla ^Jc- AaIXJ (jli 4 4ijaj«aAll JjliaJ 3*-^ jl L *Qj"l (Jjli^j 

. L <iljl^U A ja~n *31 AujouII C. j cAi^aj-aAll 3j] 


AjIIaH 4j jLuj ! a ls\J 

••v •* 

A_jL1a1I 1 * J-^-v 1^1 ^jl <Q ^ 4 4 k ^ Q i a \ 1 1 4 \^j l Q a 1 lUni 4 Q 1 lalJl 

(Jc. b .[26-3] (Davies) j (Kelly) ja^l 1 ^ 

<la.^)A]lj ^j^)a]1 ^AaII ^^3 Ja^3 (Jlka <i^aj-aA]lj L <aljiyi ^ja ^jl jm.ll ccdlj 

A u*\W A nat a Aj^)i_i-al ^-Aja ^ja c4\*ia*i 4_j£^)a11 SjIaII l^j .^46 - 3 (J^ ajjII ^3 1 

* * 

-Laji ^42-. i aLJ^ 1 Ifl LaJuc. 4-ul a ’ill j, ^.all Sjliall Jj ^jj Ajli Vf 4 ^ 11 

iCjVUA^I aJV^ tgUi ^iu .(^aVl) U^j 


A =£, 


(3.83) 
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j)\ .V^aj (J jJ-i ujj i ^jl } V Lg-jls t Aij^^Ali a Ailj-a3 ^ sLilVI (ji Laj 

* # 

6 (Jlx.q'lVl ^)laJ A g — <ajxjJall 4_lx-a^]l t j>‘jj* 1 1 1 ,)^A_j . ^ji^^aII ^Jllailujl 

.4j£jajI S^LaII 1 g ‘lAx^Vn AjIHaII <lxjdLuj ^3 



uiUIVL SI jIa *U£ ^a SjIa JUAjI J^l j-a :46 — 3 jS-uJI 

47- i j l qIjuU *a j3-ajJoV^i (JLstijVI — <■** iljW^ ^y'lx'i 

^ic- (Jjj^x^JI A-mxjj ^luiSj ^^3 ©JuAa (46 - 3 (j-Q Jaiis 1 <L^.^a1I Sja| 3 

4i^Ax-a-a]l ^3 dll Al jLaa C. <ij\l (JlxijVI (jl LjjJa^jSl Ijj tl^Aj SjLaII <jlHo 

^jj^j tl&dc. ^ jj^ja'1 ^LuI^ia'I £3 jjl I Lo£j L_fllJVI ol-^jl 

:<j£^a!I SjLaII <jIi!a 

^ =ct /J7+K) £/ (!-^) ( 3 - 84 ) 


L <a l\l ^ aJ^IC-VI AlOl]l jl^-^.1 — <Ty- 

* # / max 

dull (JlxijV jl-UAA ^jj^X^IAll ^^3 Jlxijl dc. <3 jax^JI = ^ C7 m ^ 

f max 
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L <> 1 j 1 VIj dljl 1 jj Ail ^_iJal j\\ ^j-Q 

llAAic- £_a 4_ilc- 

(j c >o m (3.85) 

*-' max "‘max ' ' 



Al i_iU 5 U Ajjajjaaall JlxaJift — jl^Vl CiLija-La : 47~ 3 


(critical) a^ jail Vf A-<y3 LS ic. 3.85j 3.84 Ja. 


: ojLall k_aLii v i l_i AjjSj ^ic. l& jjl^j - _ 


V 


t 'critical 


Of 


-Kl, 

J m 

-KL 


(3.86) 


aJjIxaII £JJJ cVf S o^)jij-a (J ^.1 Aj£^ja 11 S^Lall c!l^Lail 

(jl ^ixj . AJUaJjoil (_£Aaj L_fll_j]Vl (j -0 -IsskjJ V AjV (, 3. 84 

1 ^£aj ." JU.J 111 t— al 2 ^M 1 g,« a J^Vi" j aj£^a 11 SjLaII ^Ac- (j'Qjg’i 

Ijj . ^gilUlljj i J^gq oja.^ £a 4_illc. dl^LxijV L <l\,jlVl (_jia^)juj 

A_g^.j O -0 .\)3M ^)aI (JLxij^i A_A-}3 ^yil j Aic. 1 g » JA~N L <il,jlVl Cll^)Juj£j 
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V m La ^)juj£jj SjLaII ^jla t ^)iaj 

4<j£^a11 ScLgII ^Ac- <jJaj^)L<AI (J^-v^a (Ja Vi ^(Jaa-gII ^)A*ViatH (ja Ja^3 

: o/9 7 


cr < cr F„ 


^ max '"max 


m maY m 


(3.87) 


.<jS^)a]I ojLaII 4_jLiA ^gS JLl=k j]i ^aLalaII t4_il_^]l oLa ^3 ^ 4 3jQ. ^j^£j ttllLjj 

^aj]j — L^9jj V m ^ ^ 4 A .3 . ^ C ^] La£ 4 4j£^}a]I ojLaII c Q j . ^jj t: 4 q j^a. \1 ^9 

’.fJS l^j t. al_i]L' \ j— LL 3 aj 4_i£^a] 1 a -L a]' 7 4 jLa-jj 4_jl^_i]l ^_3 ! V (' aaaj — liLill 


cr 


= cr. 


V f +(cr m ) (1 -V f )>a m (l-V f ) 

lx / V ™ ) S. V / / m max V / / 


(3.88) 


(3.88) <U3Lx-a]I 4 laxLl ■ Lh 1 Vf ^ LS J* ‘ 4 Ajall ^Liliujl ^j£aj 4_iaj 


cr 


F, 


-K). 


’/max 


/ minimum 


07 + O" — (o" ) 

/max w max V m / £ 


(3.89) 


<ljg au i — (3.89) 4 jI*Aj (3.84) (j-o ci i$Ajuq1\i AJLLuAl ciil^LtAl ^2 

* * ft 

(_^ 1 ) acLJI vilila Lia .48.3 ^ La£ tLiiLp ^jujjj La^jc. 

^)3t.A^al Vf La-lic- .C-flLilbU AjA-y*\\l Viuili] (<j£^a !1 ScLgI] ^ aJ^C.V 1 

VjIHa 7 * x^*»i 1 j\x^ j c4j£^a]I eCLall VjIHaj Aij^x^AH (JLxill /Vn cj/ L>° 

a^vAI cl <>V , i^a ^)x>.s-i\ V f o* Vf LaAic. .Ai^aj-a-all 

' ' J critcal J minimum 

^L^IIIa]' VlllixAl ^j-a (J3 I VIIHaII oLa <j£Jj tL <il,jlVl Jl*ijl ^JC- oCLall VlllLaJ 

^ >4 > 

Vf JjjlVn LaAlc- V] L. <aljlVlj <jllla ScLaII l > u/1^‘1 V . 

^)j£! Vf oCLJl VlllLaJ CliVljtiji clA^jc. . Vf 4-ajili 

(j-o — »V r ^)jx n LaAlc. 48.3 (J^xall ^Ja-a ^ji 3a*\V ,V r {ja 

J critcal J minimum 

iLa-iic- ^)\xks-i V r ^)lcL<Al (j! — 48.3 vlclx-<Al 

' J critcal 


cr 


= KX 


(3.90) 
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^ Vn ^ j (_£j£j L_fllJVl (JL^. jA t^A j 

Lo ^5 ^ JjL^ij r dJLaII AjIHa ^3 La t flLilVi 


•Vr 


/ minimum 



Kelly <_ r L£ ^jc-) lJU&U A Amlll fljl AjSj^JI S jIaII AjLL» : 4 8 — 3 J^uJI 


([26-3] Davies q-uajj j 


l^l£ j^i^V'i 0^.1 J AjLia Clili &^)a1Laa <^_fll21 jjj 

clg-uiaj ^)juj£J1 AjLia AioJI <■■** 1 Vi L i j ’\\" i ia'i V £-a . (_y & j .lie. 

c. <aj\ ^ja c. <a\"iA'i A j^k l_j j 6 V ^ • Ajaiij ^jI^aH ^9 ^jx^'n V l$-il La£ 

(Jj\Vi ^Jj A^L^Ji A. ±a j ;Aaii^_A ^*a£ CliLiLiA a J^^aII l_sLi]^U 

.Aj£^)a]1 S^IaI! AjLIa] ^iLai-a c_flJ^)XJ (J^.1 (^ja 
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AJUaIS Jjjjj til j OJ 

yt tVr 3 



([27-3] Rosen £jjj &) Rosen <jjjJ 1&9 jtik) £3>oi :49~3 JiAB 


ciilj oljLall 31^^11 <jliLo (Rosen) 31^. 

_jj-a3xll .[27“3] 49-3 ^3 ^O^AllI . W'uJ ^1C- 4J11±a11 

^jJal^ll ^ja . ^)ja£3a 3^.1 j p Qjl L5 A^ j Ojxullfl ^)1C. shl^ &3C- ^Ac- liA (JjaaII ^ A^k-k\l 

^)JA^ (JA Ia J (JjaViII C-IjjI 4,A^*\ (JaaaII ^ A^fc^kli ^Jx^Viatll ^JlXl (jl Uj 4jl 

<jl ^a^iiAll ^ja Cllllj ^ \ ^>.s-i\c. ^3 jl L_flLll^M dlljl Aid'll 33 c. <jl jl 

, # ; 

L__U£> 3ic- j^l ^g.Vnjl 4 jIA£ (Jlc« pL^-^-V 33 _jjja£a!I L_ Lilli 

- > 

\-A3ic. 3l$^U 3 j V j ^jJa^A (Jj^. Cj1jI^.^U £ijjj S3lcJ jjja^aII l <nlll c > i uuj 

. C_S^)lall ^Jij (Jj-aJj ^)joi£11 ^jjja^aII L ^)\\\ ^3^)la 3^.1 ^ja Is^LLajl ^}Al ^jl 

* __ 

^)1C. ^3 4_illc. (_j-a3 djljl^_^j c-jjai ^3 13A (Jai ^jQVi 4_ill <_ja£j 

3l^_sA c!i]j 3iC- 3l3^ # 49 - 3 (J^dll ^^3 ^jJa^A jA IaS tL <aj\ \\ ^jja£ (_ja S^jjx^i3 43 Laa 

t All (J^l (J j ^ g ^Vi (_£ 3 ijuAA L5^- 3lC- 4-Aiall O -0 4 S-Al^ 

^Jj dll 33 L_ Lilli 3 ja AJLaa (j j$Li l3^Aj . ^)ja^ 11 ^jC- l.^jati 4 j£^)a11 o^LaII ^3 ~\ 

. I OjM i" \ W 3x1 t- Q^U l L^Nwi ^JLludA 
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(j-aall Aj^^cil O^LaII (jla ^.1 (Jx^a^kj <jl ciilj JlxJ (j^AJ 

(J^x'Iinij .A3 ^3 Aj ^ ^u-iixill ^j^aqll A-<u3 (jl i_ fl.i.lll (J A3 ^3 

A_i]l_xJI ^_lii]l A njoij J 4 U&JJ (jl A3 jqx^a^ll j L. flilli (j 4 J ^Ix-^aMV' A_Lajl^)l (_J^aJ t A32 ^)J^I 
(j^-AJ fcldjlj .0 ^)j>x^,5\.aH ^JlUVI (JjJJ 6^-C.I 6 ^)^£Aa 1I A_llVi (JAxS-i 

o^Ldll UlUa.1 Islikj IAx^a L_ flLlIl (_£>Lk ^j-o A3 ^C. ^\jl 3 _j*Vn n <jl L-i.iUi 

f fi > 

Ajtia CAil£ l Jit j 4 ' ^ _)^ xjjj 4_J j3 44 jQ, -~«aI 1 j 4 iJSI A_lajl ^]1 Clljl£ j 4l . 4j£^)ail 

tji*. j A "u,n (jl 4 _iljSVI ^IjLAV jlaj U-iic. ^ a xuall ajIIc. 5i jL^all j 4 j£ (toughness) 

. 4a£ j-ajl o^Lali ale. Ja j-all: 4 - 14jujjli Lj3l£ IgJ ^jl 4 -~»aVI ^£ljjll j4i_j 


: Lr lc. [28 3] (Rosen) ojjjj (Dow) j-i 4^jL_a^j JjI^j JUi*lLul ^c. 


a. 


= a refVf 


l—V 


1/2 r 1/(2/J) 


i— 


v 1/2 

v f 


(3.91) 


P Hal 4 4 ajQ. .a21 j 4 A \ 4_SIj£ ^jC- (J re j yr*r. eLua. 

SjUal (Weibull distribution) J2 j ^jjj 2^ j ^2 

.<_L]]| 



(Dow) jJ (jfr) LiUbU AjA-4.aH 4 uinll fljl 4 j£j^I SjLali Au4) 4jlla :50 — 3 J£uJI 

([28-3] (Rosen) UJJJJ 
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aJiIaa <Lgj3 oIaj p — 7.7 c_y £y* 50-3 35*^11 ^ LuLjj ujj.j f 1 

o^c-li SjIjc. c<judij 3^1 ^Ic. U>ijl ^ U<^ tE (j-o <jjL^Iill t— fil23U 


G c m . a °ref V f 


(3.92) 


. C_al33U lxl)l\ 4_jIHg (j-G ^).)^) ^)*.j>«o 1 l-g-jV AjoiII 4JIHg CIiLgAI Cll 

^^3 . 4_£jlx-a^.3M CjLj.liuVI (jsi*) ^ Qjll Aki <jIHg£ 1j\x3 CJ re j- J c_i 

L«^jc. ^Jj ^g-xxkjj V (3.91) aEUxUI (j-G lii3Uajl (jl 50-3 

a£jjoi 3^ (j-° sl-ilVl .^u^inl A 4_3ll£ll ^Lu31 11 a i” vWj .Vf — 1 

(j3_$j 0jlij (jl J^i^V *Vf = 0.904 1 g 1>1 Cjjfi'A. .j-1^11 A^lvr^ l qIjIV 41^1 .ljj 

^jiLjlLo Jj (jjjjUxll llil£ .’'iVu/i tcilli .JaJl_k-Ul fi.lc.l3 SjUc. (j-G 1 ^. Aju _ jfl 

Lj^j lijl ^llllkjjl U-vs.ll (j-G C'nsi c^^kVl (jc> LgAI.^ 1 .AxUl (jjj.lixj jj'ql'iSkQ 

£-G l-A^L^jaljlj ^JjIj^jLLgII (jjj (jsl jUl -}^)^-G 1 ^I-gAC-I 4 S.JS.k>-oll A-ijljjjA]! Aj^)lsiUl 

• ^ ^ULnll 


•50-3 35*^11 ^ J^sILq ^c. ^L<ua3U o^jjj-g c.** il -slyfuJ s^c. ^Jc. 3j jk-ia ^^ o^j 

(jjj^ ^cjtij (jV C^^)li<G L <aj \ \ <j£^)-g ]1 SjLgII ^Jjuj £11 AjIHg jjljSJJ C^jujLuJ 3^ J ‘"U 

(4_iLl3) JjLsjj ttilll ^Ic. s^Lj 's-a'l S^c.Ib SjUc. jjjs ^^Ac-Vl Jj 

4)“>*\3Lq Cllljd-G-Gll gAa ^'s’n .c_fllUVl 1 g."i-Gj^ <J^^)-U1 o^LgI] AjjUall 

<jjujIi1g (E ^L^. 3 ^ l>° <— il3Sfl) <* frjlll ajIj-g (jl V jl ^jjnjj c % n\ t52-3 j 51-3 (jjK^ll 

AJjjkG^ll ^_J-G LgAIc. j!^3j L_fll_ilVl ^jl Ujll J*^J IjxG^C- 

c. Aic. 31x3 ^)jai£jj l_sIUV 1 (jl 52-3 35*^11 J^sV .<j£^)-g11 sjLgII ^jj-saall 

oJLgII JLg^VI ^)-uj£J 1 c.” V *) S.J LxJ^Jj-U ^£1^)JJ ^JJJUJ^II J^C- (jlj 4(_5jJ-aall ^Jj.GS.ll 

.<j£^)-g11 


^c. ^ Qjlll ^jll-G 3 51-3 35**ill ^ ql-a^ll 3j\*MI (j^-<^ 

* # 

31 ^“sl (l <aj\ll) <Lollx21 ClllUa UKq ^AIjoiLuJ ^X-G 4 JS j-Vkl L_3jJXJ L *aj \\1 Aj^jILg 

.(^-^Jaju31 c_lixll) <LixjJa <L-£3j 
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, cm 



iJ alii 

MPa 


([28-3] (Rosen) (Dow) jj ^jc) uLlil fljl uLU xii]l 4JH» :51~3 JiuJI 



(ultimate) AjjL^ISI a A- mull fljl ciUVI j j‘ nM JJxil : 52 — 3 

([29-3] (Hashin) j (Dow) jjj (Rosen) <jjjj <je) AjS SjUJJ 

^9 9jja]l Ajtla (J A_ajojL^. CjLoll^p -l^JP V t:4 U.1 ,,in 
■a-Lftj, tjlxull (^3^9 IjA ^9 ^)Jd£ (J-aC- ^ 4-jfLajl^La ^jiaj 
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AjtLo 1 g.u*n j jlilkl 4_iiL£ 'aA^sus ^1 jl jaII 

. AW^O AAj jl_^_ 2 ki 


t ajUl sIajI (jk 4Jlla 3.5*3 

aj£^>a]I jIjaJI ^ *>iVi Li-iic. Ail (Rosen.) ojjjj (Dow) j- qa o^- 

^j-ojJa C_ Lilli ^Lxijl Q^fli Ja-aj j! jA±i C-LaiuJa JJ Sl'ji-ll 

4ji_i_Jn]' ^_9 ^ ~~ il q A V I ^a JaAj]l ^Ic- CjI^)ja^a]I . [28 3 ] A_3 ^q . oaLo 

E jrU. jil t> ^JlAu (photoelstic stress) o>^' yA y^ ^>WV' ^ y^ ^jj-^' 
.53-3 Jlill ^3 jA Ia£ i ^ya 4 q . q . ..-. ^ /j^l >. 4 alja. ^ jlia3l 4j^lj £a 



5x10"* In 
(.13 mm) 


3.5x10^ in .5x10^ In 

(.069 mm) (.0013 mm) 

(J-Aas! £-“’j E £l*j ‘-W jtii 


A3 (jAus Aatlajla E <ja i_aUJ) Aliiul (jj- 4 <jj y^ jI$a) ^jUu :53 — 3 


(jl^ail > 4 . .;. . ^A (J^) 4 ^A 


Ai ^)a oJC-l3 3 ^axJI ^J^aj (jli t:4 3jQ. >i ■ iM ^Ixjjl (J> Aa I jj 

L 'U A jjl (jluj tj^AJ t^jjAi]l IjlA (JlA ^3 . LiilalA U«j 

4 ilAjLJI ^)JC- Aj^laill 4 n’'\l ^ja . l j I-i3 ^a 


287 


45 ** (; ^ ‘CLUaxs i_)jJaaV AjJai. Aide. (_JjlLoj ^aJ t - »•> <54-3 (J^4I ^3 A^uaII 

CllljLull sjlA jj*j tiillj (jSc. sj^kc. . ^aAJj)[i.j\~ ^jjLu kill A. a ^3 

lc-3 .-loauJall Jjliaj (_jC- L_LlI]! ^Lxajl A_l]j^*wi £■ A-iILal^O AajJa^ill 


(micro <_ $ jj%-4' ^UjjVL jU^YI t> [30-3] (Greszczuk) 

N/jij — liljU. Jj C A j lil nr- 1 L " il \ 1 >, 3Lauc.I AjliJ ' lijl IaOv . btlCkl j Hg) 


• Gljxj ^ixall lil jUI djIj&Liiiui l^gja jj kiUtS jj — ^yn 


tiiiii jjis , mm 



4a. >• Jjla 

mm 


(Dow) jJ Qfr) i jjffl jJa 2 *|J) ^IxiSU gjllUl :54“3 JSJlJI 

([28-3] (Rosen) UJJJJ 


t AjSjjlSjAll lajt > >«'l dlY JJA l - IfLttj I_i4]l ^Isujl Cllj-la. JUIS-I AiljJaYlj 

^jl aj£^)a 1I &3L4I (^-j) 1 a^'N\ Cjkl^aJ jjla 

JAaj (_]-qL*-a] c*I^1a1 ^jC. (_y Ia^jV^ Vi L^aJ 

(.3^ ^^IaJ l** lA^’l 4^)-oVi ^9 4_1A 

L <l\a,A J^Ia ^Uaj L <ijl (cj^) ^jIiIa^'iI (Jx^J 5 3 “3 

^g-L^^LjVl o^Lo ^AjJa 


5 5 “3 **>11 ^3 (JSaaII ^.a^l^JI ^)j-ajx]l ^^3 L QjWl ^-Ix^jV (jL^aa lilliA 

^JaLiLa 1 1 Ajjuililj ^r,x, \\) £y (J^aj 3 
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\m 6^L_iLJVI (jjj CjliLuiASI 






Jaa. JJ a^-uIL (symmetric) 


V 4 <]UA! *Aa .l_j 55-3 Jiill ^ "^^ 1 " J j*Jl" C U^V! J] ^ 

AiLuLoll c ^ ^3 j ^AjJa ^L-al 

AajAvOi ^)jjt.‘n . ^L_J 5 5 - 3 ^^3 AxJ-aq^H 4 _Aj 3 LAA 1 AajAv^H^ 

A Aaq'i ^jc. A-aLmxAl .iLp^W *^* 0 ^ ^-LuiA ClAA ^nj-\ C‘ j-lilil ^L-al ^-A^sLuAI 

^Ac. D j^ic» . ^ flAA SiC- ^-<Ja*Al ^Aj (Jj-aj QJjjl>U J* (j^ i "qxrfVn^H 

. V 55-3 JLill J 2 c J^\ J jiall cJi ^sVI Ja ji^l ^ 

Ajjuiillj (^Ac- (_£jj-oxAl^ ^jLja^xAl y al^jVt ^3 (j^aWn jl A 3 j 3 -all tl^Aj 

lAai .aAIAtujjVI Jo^q'i jl ^jLiJa^xAl Aa^cull A-Iaxxu liA (J-ax!i»jjj tiillA (J ^.1 .X ^A] 

dl^lxAjV bf. USI < 3 ^aj-a-«AI *^ 3 j 4 Aa-aj ^3 ^jlAll Aa-oill 

— ^AallLo V — C-&11 Vu (j^ix A1 Ig ksix ) £-a ^j^Aall ^^3 C_fll_AV^ ^Lxgjl g \ ua) {_ya& 

(J£juA 1 ^ — flLAVt (JJJ AsI-laia]! c <a ^ ^3 ^1 ^11 ^ ) 3 *Uaia 11 Aa^Al ^Aj A, UaTAIj 

* # > 

J) ^aJ ^jJa A 1 ^Aj ABj^^-iaH ^3 All yiLoAl Ja^Aa^Al LiA ^j-aku 5 5 ”3 

* 

AjlL 3 ^i AajAv^H lAal .A_m^. A_^.^a (J^joi ^jAc. cdlA j t^adliiuixAl ^ L^aVl LgJt-iJaj ^jLuull 

.y oL^jVI ^ 6 ^ 1 *jjVI W^j ^ 3 \‘&‘ ^J>jA o -0 V ^j -^3 

Jj ^gAU^j Uj.i*i j c* ^ 6 X _ y ^Jjoia]! ^3 < 3 ^aj-a-oll 1 1 j 

. -La-aJ ^A-Iajoij 3 ^- AX - ixjJ ^ 1 u ai .X 


p 4 I { 



t t t 


^11 H ji'-i'g- 




© 


• iLAil ^UujV (j^a^JI iiajj AJUalui'VI Jxu :55 — 3 JiuJI 
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m ~ 1 m = 2 m = 3 ms high 

*-L1jA jjji Jja£> ^UajI : 56 — 3 Jl^t 

(J ^Ja ^jl_L-a l^jl ^jjkjLudll ^3-i.a‘i ^^aj ^^3 (_gJj ^)iajj 

.2C lg x>a^)C. Ai^ix-a-o 1 g, nj (Jj-aSJj til L^j^Iajaj ^3 ollLo V j L 1 g ‘t<a (_]£ 

(j ^aaII ^jjax]I JaL^j ^jj 4^*J1 ^jjlju aJLxxaII lilxa. ^3 (jj^j I^Aj 

a ud'iIIj Ij^Ic. I^a. (Jjaj <jl ^Uj ^L*ajVi ^i^Aj a >j Vi <■' v>j .JS^ll ^ x-y 

JLaSI j_jl^ l gr ».nj i** n«\ j 4_j3jiaJI jaj <JLaa Jj 

C <aj\ (J£ £_iJakj .^^jOjoiaII ^3 n-N ^Ix^jV A^sI^aII A ,ajql' <_ja <aj 3 (Jsl <]^Aa. Aic- 
<_ja oc-Luda. ^)j£l l^-jl L5^ ^ sLilV^ 'jJa'nj tP 3aa x>a <j^A^. 

> 

<aj 3 (jjSj .e^LifcU djVlxijl JIaA] <j£aj Cn^yi <(Gf » G m 

. 4 n l fL 4 Q k ^\\ i CulS 1 1 ^ \a ^ ^ \ \^. \ A ^\CL 1 ^ 4 Q a a \ 1—>1 -v n L 0 ^\\ ^UajVI 4 \ 

CIjIaIoJI (JjIaa O^aIuiaII <3^aj«aA]| S^IaI ^jjlaJl ^aC-^11 (jl t ^,mnj (J£jaJj 

lAii^LxJl (jl ^aC. O -0 ^-xJaiiAll 4_njlaJl 


p 2 2 El 
P =m n — r 
L 2 


(3.93) 


(m-1) A_njlaJl CjIaIc. Jl ^^ic. -Iaaxj 0 jtij t^-lstAjVl -laAJ Ja.1 ^ja itilllAJ 

* 

j] Ua-a (jjSj till S ^J3 (_y O- 0 -56-3 (J^aall ^ 

*Lalc-^ 3aa.V 4t4]j ■ (a aajl ^ *Lalc.J OJ*^ - j-a^-) _jl] laa3 <jjl_aaa 1H Clljl£ 

^^axi A A_alc-d]l dlauJj t^jdajLill (_Jla a^aiaii] <Lls ^Lalc-A L^jl ^1 iAjl^yi 

•(Discrete) AjJaiiail cjlalcJI j]jl 
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^1 AiiLL3i iaAJ ^3 L-julSI ^IxjjI aJ^a^. jL^jj ^3 (JjlVill .Vn^j 

^U^Vl jL** 3 ^ -[31-3] (Gere) j (Timoshenko) 43-aj 

(J (Jxj>31 ^Laa ( A£/ /;? A^I^aII Ai^j^aAi]^ t A T I j. (. Lilli a ^jaj AsLla ^)Jx _2 3 

: J aJU J\ JUAjV! AJT tJJD a jS <J3 <> 

At/, +AE/ m =A^ (3.94) 

JaLtjl L 3*° clx^,f\ 3 '\ ^aJJ iAaUall A^J^jia ^3 

* * 

AaL^JI AajaII 3 a ^- 3 *3.94 aJ3-xa11 (JIaxjjaIj A_asl^31 ^IxjjVt cIjV^a^. c > u*iVi 

AjjaIIIj Lilc- ljj.1^. (Jjaj Ajjjoi^aII aJja^II 3 ^ Aal-iali Aib^ia] 
(l-jI^ojjiVI) Jjjaj ^ lil J^SLa J .oj,^ 31 ^Laa!! ^3 A_ilx3l 

aIxuIxxlIaj (55-3 ^ l31JV1 J] ajjouIIj ^Lja^xJI) y aLabVl y qj" tv 

: (furrier sine series) W31 ajjj^s 


V =£a„sin- 

n= 1 


«;rx 

L 


(3.95) 


. A j\x31 ^Ix_ajV1 aJ^a^. 3-° ^Lxijl aJ^a^. Ajli 

} 

3a J ^jLja^)x]l ^1x3^1 AijUa ^3 3.95 aJjIxaII l\.ax**u J 

^3^a^. ^ 1 aj 3 313 3 -° Aa^I 3 ^ c t alyLa Aj£^)a SjIa 

A_]ajaijjA djVbxijl 3-^ JaAJ 3 a c^xSjjaII 3 *° .Aj^^aII a jIaI! L \)\\\ ^LxjjLj 

^3 L \\\ dl^lxAjl 3 j£j VI <31^ ^,,'ix.i j) ^^iLja^xll JaAlllj Aj^jlLa 

/ s # s 
3-Q 3 I ^9 Ig.i-Q ^la^Vl aJ^a^. Aaj 3 3j^ U jl ; 

. 3jJaJjaull 3^^^1 

AjUalujVl ix4j ji ^Lua jxlt 

jl Aij^d^a^H a^Lo J^aL 6 5 5 —3 ^ ^ ^_jLja^)x]l JaAJ (J^.1 3 -0 

^jl_iJa^x]l) y aLa^V^ ^3 Aij^d^a^ll (JIxAjV^ 3 ^xa .y aL^j^i ^__^3 ^j^*i\q*n 

3 jjjUua 1 I 3 .)\.^^ ^ ^Xfc^al AJaLoijj jLaa cy 3 ^ 3 ^ ,Ujj<q (^313^1 Jj ajja31j 

• 3.33^ 3^ a,j\x^*iV 1 AiLuiAl! ^Ic. Iajj-3a v 

< 3 - % > 
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Jlxijl ~ Clll3^-C. ^ja ^Jllilljj 

a y =E m - (3.91) 

c 

djljLg-^n AiUa q\ (^_ya^yk j l^A j $X c>\^j^\ ^9 4_9^3j-aA]l SjLaI ojjou tj?\ (JaL^j ^jj 
£yA . JlxijVl AiUa ^9 jjs.MI ^Ic- (JAjg.'l ^AulUaJjujV^ A_ijl_iJa^)x]l 

AU - = \[ a y £ y dV ( 3 - 98 ) 

: c> il o^Lc.1 3.97 j 3.96 (jiil^lxAll <j^a^xj 

A C/.=£rivVF (3.99) 

: tS^ (Jr -a^k 1] o^lc-1 ^^LiJa^xll A^I^aII 95.3 aJ^IxaII j 


An J^m frr • mnx • n7rx J J /, 1 A M 

At/ m =^7 L Z2X a « sin— —sin ——dxdy (3.100) 

m =1 w=l 7 


L L 

^J^Lujj ..1^.1 ^11 jA Z oL^jV^ (JjaaII ^,a-^.*\H (_^*AJLa C! 

^ j)a^a11_j (JaI£j]I 


2c L 


At/ = 


2c- 


■SSJJ- 

m=\ n=\ o 0 


m7tx . nnx , , 
a m a„ sin sin dxdy 


L 


L 


(3.101) 


:(_$! . 1 ^ . -3. ^4 ( ' . ~ .. 4 -. -. >■». \1 4_ll^]l 


mnx . nnx , , 

| sin sin dxdy = 


L 


L 


0 , 717 7 17 

L 

— , 777 = 77 

12 


(3.102) 


• 7 3 j 

a U m =^Y.°t ( 3103 ) 

n 

j ^' 1 sV (JLxijV^ AiUa ^gk J)W,“n (J^l 

[3 1-3] Gere jjc. j Timoshenko _A^ AiLjL Ja j 
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(3.104) 


MJ,=^)(vJdx 


AxJl <jV) A^Jj 4AaC-j h. 4li£Lajuj Lil <j-a /, — h^ I 12 (j^J 

^j^-aj ^UaJj oLii-a V jA 55 3 (J^dll ^^-3 X-y (_£ jda-all 

c(l^IiLjal_La Axj) L_fil^dVt *UjuAdia 4_xu3 

E f h T 

24 


.3 L 


A^-^JIZ 


0 W =1 «=1 


mn^\ ( nn Y . mnx . 7 7 1ACX 

a.„a.,\ —j— I 1-^— I sm — — — sin -j—d xdy (j.IUj) 


(orthogonalityO juUjII ^ j ^jLil L_iijjj ' 

:oj^j ‘(3.102) JUjU-U 


A 17, = 


x*E f h 3 

48 I 3 


Z 


4 2 


(3.106) 


I^-LxAjVi JiLk P (J^S ^j-a jadJ (Jado]! 


AFT = 


(3.107) 


1 Hawaii 4_xjJaj ^j-a £.lAijl L <aj\ ^-Ladl c.Ijj 1 P 6^11 1 g xJ^q \ AiLud-a]l 6 dll 

4_iLaC- $.Ijj 1 V (l <aj\ll) J^axll (jl . 57-3 ^3 ^da^-al! 

4_I^-a^. AjLslIj ^)ix-all (j-a c.1a!L1 P 4_xu3 a1a^}j LaAic. ^xj-aJ (jl Aj^IaILj >». 4_i£l) 

.(jrl^VI 

(Jjla (Jdalij d.S (JA4 C5^ P d8 (^)» ^^3 4 _iaIa1a]I) 4_iLjali!i]l (j! 

dllslubdl *>“ \T\a a ^dliujJ Ia^Aj .X oLdjV^ ^3 (J ^Lall (Jdalijt dXj t A^-axll ^3 

IAA^LxJI 57-3 ^3 A-iLjaLiill 4j^)j-aAxJI 


dS =ds -dx = y Jdx 1 +dy 2 -dx =dx .11- 


f dy_ 

K dx j 


-dx 


= dx 


1 


> Y 

ydX J 


+ • 


r dy_ 
K dx j 


(3.108) 


dx 
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5 


J5li. ^cia lau uj J^aC- JUiil :57-3 JiuJI 



(3.109) 


ojIjC. ^9 (3.95) aJ-3L*_a!I (j*Q y 1 V 

:ujSj .(3.107 *H*-H) 


P_ 

o 

n m=l n=l 


AW ^ rNT'^T 1 mn nn mnx nnx ,„ 1ir . x 

Air = — |> > a,..a„ cos cos —dxdy (3.110) 


L L 


L 


L 


■ ".Ail a "ill O^Utl .V~> <jUoa]I ^Laill 1 1 i_i~^ (JLaaCliailj c* jaa a\1 £ai L—lijjp <1 jLiaj 

c(3. 102) ‘UjIxaII ^3 <.ma.il 


Pn 2 

a^=— 2> 2 a „ ! (3. 1 1 i) 

n 

j> 

c>‘ 55-3 JLill (_£ JJjulX* ^^-lo (_£.^Axli (_J^3^)xl 1 J ^3 L-LiHI <1^A^. *»” U'S 

I \ 4 jjLoU> 4 . 1 x 21 4 _ijljj aJLolaII aA& (_)^l 

P =<j f h (3.112) 

.AI^LajoiJ L <aj\\ ^^_a!I jl^_^.VI (c-l-l^JI) L_3^)jJa AjjLola l^jl ^ 'ixj ILa j 

ji 

t (3. 94 ^J.ilx-21) ^IxajVI ^Lix-o aLjLoiH AiUali dll ^)LlC. 

I \ 4 jjLola t Lilli 
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(3.113) 


V n 4 a 2 + 24L ^- 
p _ x 2 E f h 2 „ n 7t A ch 2 E f 


Z‘ 


12 L 2 


z 


2 2 

n a„ 


tLa A nx>a A JiJ> A^.^a (J^l -q Aj^pu-al 4-<ua P (jl (jVl 

llij 4lH 4jj^)-dl Clllj 


°>„ = 


n 2 E f h 1 


12 L 2 


m + 


24ZX 1 

n A ch 2 E f m 2 


(3.114) 


Cjle.L^aiixJ . ^Ljt - lLclII ^^axSI .nc. ^jc. m ^jjaj ^ '' 

t: l .1.1^. ^j4j£ jA 1TL ^ ^ ^ [28 3] AilSM 4 _jj^)a]I 

4 li.Mj, 4 ,j-» L 1 4J1 aJ 3 ^ic. (Jj ■ ^ ^JJj till ^ I^^aLuIA fl^AlAlA 4_SI^£ (J ^ 4-^JL*-4 

la^aiLAA]! 4_xual! 2a^)^ 


5CTr 

dm 


= 0 


(3.115) 


8 2 a f 


dm' 


1 4 . -^.1 4 ^ja] ^_]'l21 2a^)J2l J^k^j 4 ..j ‘'■' 

>0 (3.116) 


aoy c 

dm 


-=0 


Ax Jo ? \a ^ja (J^.1 CJj. 1 Ajjxj^V 1 <4<uall jl^jj y i> j ib^)\Xks~i m Clijl£ j\ 

IjjJaljjSl LijLij 1 j Wi^Q jiixil .^LJl .Hi \ f^A -> j -v . 

^ LS cm i a x^i'i Ja. 1 ^ .Laa Lua cr / ZlIj ciu^. m *lj] oy —\ 

(J^l ^L*ujV^ 4-^.^-a 1 — fll x^'ii x4-> p^c. ^ 1 u*ij c58— 3 cJ^xaiII 

4m, a\\ (JaV^ 4-j^)»,x«V^l A 4Qj‘q\l 4aal^All ^jj .J^axII 4jl_g_j 1 

y 5 = 

Ajjx^ZI A a \^\ i ^jc. l L_S^pJj j clijljjja b^y^.jA m — 2.7 «^4C. 

(number squared) Ja^B ^ j un = 3 — 1 4iai 

m Ale- 4_ijUi]l 4 j jx Ks-tj 1 A 4ialj-dl ^\jt-u$\ 4Jj-cl^. £-a .^Lx^jV^ 

iA\\x qll 4-j jx 1 A aM — Ijjlj^jja ^a^c. ^aC.^)lljj — — 37.5 
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m — 38 ji m — 37 j m — 37.5 (Jjj ^ ajjIoII 

!II1 1 ^ujola CT j I 4jj« 1 <Aja]i .4 a 


a u = 2 E^. 


'3(1-^ ) 


(3.117) 


i^LuJl (jliUiVi ^ 4_jl _j£iS .(4.5.3 yUaL<Jl^ <Jjg a*ij <illi ^j-Q cLu 

r '-ik (3 ' 118) 



< ijW frUt-ut iaoj W 


°>„- 1 <Luuu : 58 — 3 J£*i2l 


(J. 


= V f a fn = W f 


:4_xual! Ilj SjLa]! ^9 

(3.119) 


g LL& 
13(1-^) 


— ^^jujLjj! cJi^ — <*jJaLk £y (.“ U's 

.L-flUlVlj 

AJ^L*-a]1 ^JA -liC- x ^9 (JlxijVi L_jl_ul^. ^JA 

i AjjL^. 1 (JlxajVI — 4£hc- (j-aj (3.117) 
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(3.120) 


e U =2 ^ 


V, 


P( l -v f )yE f 

L-JJ^jiili]!) t, ‘<i\\\ (JlxijVt L \)\\\ oLajl ^^3 i-*\\*ia*i <jl 

Cllj.la (Jla. ^ilaxo ^)aI 4 1.2.3 Ej -lie- Ajujj ill CllVl*-i2)U 

: 2l& (jj^ 
(3.121) 

: 4 , I' ojIaI] ^ , l^r.V I *■! ^ -nV I /j ^£j 


cr =E s f 

m m f cr 


<J =V f (J f +V <7 

c max / far m »' 


(3.122) 


cr, = 

max 


r,+ 0 -r)-^ 

C / J 


O f 


(3.123) 


cr = 2 


V J+ (l-V,)- 


r,-g.£ f 


£ /JV 3 (!- F /) 


’j^’j 


(3.124) 


Ef \*.n\\ aJIc' ^ ^j-o l qjqJo (3.124)j (3.119) (jiiEljt-Al! (j] 

* * 

. c. qljiyij oljLail (Jla. ja Ia£ tE m 

(j-ai51 Jsa i 

S* J 

cAjjLoUa c. CjULjjl 6 5 5 3 J<^'1 JaAj O -0 

<^3 (_j-£aall L_3 jllillj 1 ^AJ AjjolaIIj ^j^Aall (jjiaj 

JIaA] (_j^aJ ttilE .x oL^jVt (J ^Ac. t ” ^ J fiLajVt ^3 .lalj 

^-saall di^lxijl <_)ial^)j3l ^_j£aj <_^Alli]ljj C Y <aal^All Cli^lxijVl ClA^jlilAl 

*C 3^-J Ai^A^aA]! .Ja£3 L_Liill oLajl A_iA.laV AjljIj 

8v 8u 


r xy = 


+ - 
dx 8y 


(3.125) 
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,jl Laj .x ^ ^Lijjyi u j iy al^yi ^ v cii 

: a ijl . ^ ^ \\ aJi\ ^-V ^ Cfi' l}*' * " * 


dv 

dx 


du 

dx 


(3.126) 


: *• y o^ - (JslLoi^ JUijl ^jl Loj 

(3.127) 


— = — \u (c) -u (-c) 1 
5y 2c L J 


^saall ^jl 1 _aj Jxj .59-3 3^ ^taa. £a ^)JC. O' 4 C n^. 

I^jjfL) jaj t. 


w(c) = 


h dv 
2c dx 


(3.128) 


:(3. 127) m*A J, (3.128) 2LH— H t jSl 

(3.129) 


du h dv 

dy 2 c dx 


'J*- <Jj* ■cT\ 11 (3.125) 4k\*Ji <J (3.126)j (3.129) o^U-S Jj\ o±yd\ 


r xy = 


\\+— 

dv 

L 2c _ 

dx 


(3.130) 


juijyi 

Txy =G m r xy (3.131) 

: ^jC. Ja^3 (JLxijV 1 AiiUa ^ > n 

AC„=|j \C,YJV (3-132) 
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<(3.130 *isl*AI) JUijl SjU.j (3.59 *isl*J!) J^l *Jb ^jxil 

3.132 <^a 3.131 <(JUA^1 


At/ =Gc 


i+— 

2c 


2 

^ V 1 2 2 

— / n a„ 

2l r 


(3.133) 


(jLilaju (Jxa2Ij < a_ii] AiUa ^_9 jjjm!' lj (Jljp V 

:,jj£i <(3.94 aJjUaII) jb*-« - jaiLuj < (3 .1 1 1 ) _? (3.106) 


°>» = 


+ - 


7T 2 E f ( mh ^ 


M 1 "*/) 12 


L 


(3.134) 


(3.134) 4_IaIx_a11 ^ a^SI ‘L/m — 1 jLud-a J jUI (jl L^j 

Ia^&j ,ll L <aj \\\ 4 -AjouIIj L ^Ixa£)U (J^lall q LoAdC- ^)A*_x-a 

: 1 Lu^ij IjjL^q l <n"l ^ Al^aJ 


°> c , = 


M 1 -*/) 


(3.135) 
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a Lr = 


1-K 


£' = 


M 1 -*/) 


E , 


(3.136) 

IjjLudA ^\jL±l^\ XlC. (jjSjJ 

(3.137) 


*LujULa3I JjLLj 4j12a3! 


S^IaI (3.136 j 3.119 tLijLij ^ aI^c-VI A^.y\ ^jLc. cJAqj 

4_jll±A &\ JJ iaAJ <jl Ja^.V .60-3 L aS ~ ^jaS^JuI <jS^)a 

£a . L qljfcU 4 _ia^l^J 1 L—boull <_ja (3^.1 (^j-q 4aS^)a] 1 S jLoIl Aj^pu-al 

<jJai^-±A ^j3 3^3 <_ja ^gJl JauaVi jl ^_jLiJa^)*Jl JaA^ll ^Vn 4 till j 

. 4 ^ 4\-n. -v \ i 4 u n *i \ \ 


450 (j4J 4 -x2j1a]! >.j~i\\ <jli±A fc 0.7j 0.6 <j4J 4 _ia^l^. c > u*n 3^3 ^j^a 

aAJI fjffl *1 a 3j^ ^ ^ .(4100 MPa) 600 ksij (3100 MPa) ksi 

* t * 

500 4aS^)a]1 ojLaII oIa Jja <jIi1a ^-a 43 CulS ^ .4j£^)a]1 ^-U.3 — ^jaS j-® 

(J£a 1 j <ijaj-£iAll ciilxaj^j 4%5 J^aj (JlxijVl ^-ajs (3400 MiPa) ksi 

WiaII ^JA (jjSj u' ^43 ^glc. >». V^lJ il^Aj .Ja J^) ja] 1 O.AA (.“ 1 Vi 

4<j^)A^Ul L_3J^)5 j£j .60“ 3 3^» LaS "(J^aII (_> £a ^^ -laAJ a^Lixj ^^juj^aII 

^jUaII ^ <i jL-aJI 3-^ JaUla [28-3] (Rosen) ujjjj (Dow) j>> 3^M 

1 ^Si\ ^a Jlxijl ^ic. <j^)a]I 4 ajqII ^ja $.!.2l1j! ^ Ivs cJi^ _jjxn (_>a3 (JaLxaj (3.136) 

-61 3 US t%5 — ! JUijl ^4c. ^>ij-a a A jq'l Jj %1 


j^jj .6Q— 3 (JSjaII "^j^A^Ul <j^aSI J-i a*" j gjljll ajUaSI ^,Wu ^aulj 

Ia L^jSlj 4^-U.^ — ^^_ia£ <jS^)a]1 jI^aII ^ja ^)4Si 4_ixij! J <x3j!1a 11 JaiuJall AjIHa 

<x 3 j 4 a]I ^ 4^11 o^A (j^S IA^ILq _j \\ x j C_L^Jj jlx^H (JU <jJai^4A t>*‘ UjjjI 
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4_1Ljj-g (j-a Ax \W aJLxuaII (J jWill Cjjfi* 4 Qj' 1 ^ ( ». iu*n 1.1^. 

. .1x21 4 <a jq - v \\ l a<\\l ^Ix^jl 



> ^ -a-v-v^ 4 jo , Vf 


UJJJJ (Dow) jjJ (j^) ^ j-21 2 J- 4 ^ JaLuafl 42 LLg :60 — 3 JS22I 

([28-3] (Rosen) 

^j£ 3 ^>^-l cJ^^j tLfjLaj jj«^ Jjj-gj 62-3 J£j«21 ^ Lg£ 

0jlHiSI dJUfe Jj-gj . L-fiLiWJ 4 4jjudill A^Aj ^■IxjjVI ^jc. 4_j£^g1I SjLgIS JlxijVl 
(J-gL*-q c. <aj \ \ £j jj (J-gIx-g 4_iuu] (jiiLl (JjIajS 3^' cl)- 0 (3.137) aEIxaII C1jIx3jJ 

• 0.25 J 4_3^Lud-o AijjQx, *-1,^11 ^3 ^j^jujI^j A Ujj*i1 4_aj3 Aic- (Ef/Gm) ^saall 

4j£^a 11 ftjUll jLolj Ja-oj ^Vn JJ^ (33-^21 3^-21 4_ll_^. ^3 Lg£j 

^jl (lilE ®J^ C< • i — 4 _ia^l21 £jujI j (JL^-g 32 Cj* 

L_3^)jJa (J-gIc. ^)1^LgJ l^iXJ C > ^ UGj Ef/G m 4 _Aju21 ^3 2 I jU-iLG L_3^)jJa (3-°^ 3 -Vfl-Qj 
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LJa j«ijj SjIaI] (JL*ijV 4 ja3^>c.V1 a a^W ^3 2 I jLud-o 

•2D -g -^ ojjouII ^jC- ^3 ^)-£aa]l (JaIaa <aj 3 (j> aj^Vi 4 _ia&1 



(Dow) jjJ (jc-) ^ uattt Q-alll JUij| 4i J aUa jJu :61 — 3 jLuill 

([ 28 - 3 ] (Rosen) oJjjj 


c iUI j a j \.\x.A 4_^^a11 j! ^aII (Schuerch) 

(Jj\Vi ^ 1'Wj til ^jl ^^_j3 CjV aLxaj j £_£^jja1^jIj jon (j* 

(JaJ lg.x*iq i S^)AlJa]l i^I^jjjjoi tcdlj " b -[32“3] 2)*^ ^\juj^\ JaAJ 

UJJJl ~is J ^~^\ aI^aSI ^jl a\ i^j l a \ n ;S — <j£_jaSI ^I^aII 

(j ;jjj 4 (^jj^ja'I ^1*ujvU (j-^aJl JaAj (Greszczuk) *2)^° ^»q'^ 

2)-^ JaAJ 2)^ ^3 j^x^ia\1 (JaIaa <aj 3 Cll.il Jjl L2I\Ja 4 jI 

- [30 3] IgJ J^lLaa*] L» ^ L3^“j L^j c£jj%^ 
gjtwlU uJjjj jj^- 5 (June) 2 l^j (Lager) 

2^a ^jjiilkA 2H 0 ls^ lSj'^' 1 2)j.J- 3^ — c5 Jui ^ ^I ^a Cy* 4-ujj^21I 
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L _ 3 ^)jJa Lo Ijj djljLnllj Jajl^p ( Jlolc - <jl j . 1 jij - [3 3 3 ] 

:J\ <0.63 _* (3.136) j (3.119) yibUJI ^ 




f F, (0-63 £ m )iy 
3(1-F 7 ) 
0-63G,,, 
— 1 - F , 


(3.138) 

(3.139) 



t\jL» Aj£ J lj^a J^i (jja (_5 jjSja!) ^UiW) jjfc ^iuilll LLiail JUiil :62“3 

([28-3] Rosen Dow jjj o* 1 ) 


LJJa JliJ 1.1a. Aj. ijfi ui ^<ula 1 V 1 - _jlV ' ^jJajJ 

j (Jjxla i\lj 3 j * A ' . jr. j j j ^)jc. ^j*ct 

cAjUIl JJ SuLi^b (3.139)j (3.138) g^sll 63-3 J12J1 
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l_g_x-£al_ajl ^aJ ^3 (JaLxaII <a.)V*H*a11 A Aj^ll (jl Jo'sV . 4_iJJ^)^li]l 

^,u/i'i V Ia I^a 0.63 ' ^jjliill'' (JaIaa (jl ,%63 

_J (jlalL^j L)J ^. J U • ‘^-^■Al-^VI £.) A y 1 g Ajjq*i A^.^)^]Lj 

(JaIxa (jlj . Vq'ixj *((J^)-g (J^a) C)J_JJA “^^joi^^jjI <j£^)a11 dJIaII ^LxAjl (jC- <^jjjja 
\ j_jiLo LuiIa3 CiJIaaII (Jj^juj 4 ^ ‘^^1 I3li $4_3^3j-aA]l (JaIxa ^^Ac. SJLub -LoJxj aJI^ 

(JaIxa 4aj 3 t^ij^^-all ^Jj t4_i^.l_^j C_i al_AI (jA Ic. LoiIa 3 (j^fL (jl^c 

.0.97 J\ Jh \\ 



2000 


1500 


1000 


500 


0 


<y c 

MPa 


ijj^j (Lager) j&*i I (jc) ujjj^ ^ >« jIja! JaLuiil 4 jH. : 63-3 JUJ I 

([ 33 - 3 ] (June) 


4 >41 ^lyiKj-al Ujj^j [34-3] (Latour) j>V j (Zhang) ,*jUj j».iiaJ 

La*aj >^*41 laAJ JjjLlaj c_l^^.j cHjLjlj] (J^.1 (j- 4 t4]jj ‘ ^j>u cs^" 

(jjjj 0 jljj t 4 _ajJ*-a i al_iS^i \_5 ■* a 4 >oij -lie. ^3 S \1 Wi , ,.V I 
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* 

^J&3I ^JC. AJa *60-3 C5-2 (j-° Vf IaJUC- JIC-Ljjj ^jll 

<j^Aj V tiUijj *^1 xjjVI l£U. \,g, ni Lua ^Ic- Vf 1 4 j>JoqViA'i 

^-Ic. • A-ll.lVuaVl 1 ia‘ij (_}-£aa3l JaAJ (jjj ^-IxjjVi AiC. j 

A_i^.ja (Jl jJaV Aial^A l^jlj Vf I aJIxII ^\\ .lie. Aj^jlajll ^cjtiill JJ^Vj ^jL^j jl*iaj 

^IxjjI A_i^.ja (J! jJal L Vgql JJ ^uljjll <jl ^uJal^ll <ja 1 auj io^)±& ^IxjjI 

L <aj\ ^LxajI cj' (34 U^W 1 ' <jl^A <^13»^ L <jx^ij . o^u-saa 

.ojiiAd A_i^.^a (Jl^Jal 


5*3 JjLuj-aJ) 4^ j A y* 

(3.86) aLIxaII 1.5.3 
(3.89) ibUJI ^ 2.5.3 
(3.113) aH~1! c^I 3.5.3 

j« 

ajjxj-^I ajI^j ^aljj l^-ji c (3 .117) -U^lx-JI jJLujl 4.5.3 

(3.133) aLUaI' jysl 5.5.3 

(3.134) aJ^IxaII 6.5.3 


^ jjLiaII (j& Aju^jpkl j CjUa^La 6.3 


aJjL^a l^A ^ CajJ^jc. c5 JJ^JaII cilijl.^jAll ClAjjtaA ^iiau 

A j4j‘A,4)a' 1 (j-sajL-sa^JI Jj l^lliujl Aj£^a3I SjLaIS A j^j’iI.^jaII ^ajl Jjj 13 

lJ&LIsJ Si jLJI aj£^a31 jIjaII ^.ja-n J jj .aj^IaII I^jIjJaI 

(Jj\ V' lll o Jjli ^A Ia I JIj 3I liuiajl JLuij J l_l^j il^Aj .Cjlaijoll j Jl J (jjj 

Aj£^)a3! ^a3I C*3 jLa C > lUtl (jC- ^J^Xjolll (JA Lijl-uJ^j ^jC- 1 ^C- ^ J_J^Ja11 *'|14ja11 

^ja >.s-i\\ JjVl J»"n I^a ^jc- tilliA t^U cJ^jaj ?l$J ii3^Ljdll 

.A_mll ^ j ^ >■ ^ ; AjjUill ^3 *jj IaIij t£ jIaI! 
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In'c. Ajla A J^i'qVi' Aj£^)a c^Ia f\\A^\\ ^»j£j li] cV jl 

V Ail tcd]j £A4 ^_iJal ^11 <_ja . Ijjg >a l.j^j'il ^ja V] (jt ^ u, ■ A .) A *"S~*'' 1 

L <a . ^ g . j Aj'qJa \a\\ 0^-^JI ^Ac. ^Aajj^^j ^Jj^j La Jau>iH 4.“ il j\aC laj jIa“iC. 1 ^j-«a 

(J^.1 O -0 Adlatall (_j^ajU^vQl j <*3 j!1a 11 (jdJ ^Jjaljj ^Ac. 

JaLaj Ia ^)a! (j-o Ail tillj L5^*^ . djljj^Al] A nx.a A 4_jjaijj A m a 

l^)'^ ^ 1 ^ 'N- Cljli ^jAx*ai <Ua*11uia]1 (_£j^)5Lia]1 i^IijI^jaII djlj^iai] Aja^II c_ixjJall 

A \x ) u«ViH 4^1 _i1a*JIj A k\x"\A pij j Via ^jC- Aj£^a11 ^1^-aI] A_ilxall ^j-ajL-sa^Ji Vi . A m a 

I JIa 4 l_iix-a j j 4 \ g.Ajjq'i l_J1Jl1I 


L_fl_il]l 


JJ^ 


A_a. 


AVTia ^)JC- Aj^I^}^ A_aJLx_A — 


4^l_ifcll ^UnC.1 AijJal 


AjiiiA cllbl^l 


S _jjl >"ia L_ fll_lll — 


j| j^a 


^JaL^. |,j£judJ A ^Ja»^*iA 4 'AA\ 


L''^r. 1i ^~>'\ J ClAsiLalJ — 


. AAi3^ ^)JC. IajJ ^j-sajL-^a^-1] ^ j^)^)a\ 1 i'll ^ i a\I CIAjlSjJ ^3 jj ^ja ^a V AjI jAiJ 4 1 »}£a j 


(j! LJUia ^aaB ^ja Ajla 4 Aj£^)a jl^A (3 -0 A_alj^A A_nj i Aj 4ljjUl 

lAA Jja ^ . Ig AAiq'i A_mll Jj AiLjaVlj A_ijJl S^Ia ^jA^j ^ Aj^^JI l£)uaLi 4_ic.^>j 
jVl AjU.! 1S <jal ja\\ ^ *ix.a!1 qa^ (_£ j^)5LiaII cilijl ‘ njaII Jl £-llla-j 4 _S^juj 4£jJajll 

(JIa*!1uj1^ S^LaII O^JJAA i^£- UJ^ U (_J^A-<lll ^JA J 4^0 ^L«i] 1 ^ 1 A t/1)| 

S-^LaII a^A (JLajijjujI AaSj^ ^^3 (jij nal 1 qa Jaj^jjoi 

jA UjI Jj^-naI AjtaWl i(j-ala. cJl^ . ^jl jill (JjJaal ^j'qVil Aj^)1_i*-<i1I 

s > 

J*l i^ja ^<xa joa 4.“ \k*i \\ j 4_iailiA^ Aij^)x-o 4^jli Cjlalaj 5 \_i^.jj Aasj^ Ai^)*_A 

f 

a^jla ^jc. ^Jljj-ull ^jc. A ‘U A-ijUill AjL^.V 1 4 1 Ji^A j . aiax^iH 4_a1^aI ^j'^Vi 

jj^jaII 4i3Kia\ 1 Ljlxa 4J1 jV 1-^-S1 (j-Q Aja.u. V AjI (J jj^jaII tilijl^iAll 
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0jlii3 ^gJc. A^UXJ C_S^juj (jl till^ ^^-IxJ 

JLmlIuiIj S^Jal^v^Sl £-JaluiJ V j£-3 c^j^Ia (j-sajL^xk CjULnl A iI^ja'I dll^jlii^VI 
. _jjij£ L® l^)Jj£ 4AI1 Aa 1I ^)JC. ^ cilijl^j^l' kllUs jJ 


j 4jj_j£Ia 1L La til^l J <jl ^^ic. 

.* 

6jS]l xxi'n .4_ml! x.ro"i ^1 jl ^ a!1 ^ja *s-i\ ^9 $.1jjuj (JLxS _jj-^ c_ix] (J^ L>° 


IVWIIxa (ja S^jlill <_ja£j tl^Aj . ^jLajVI 


aoSl 


jLAlal^ £_* l_Aj£ 5I l^gJ a, \*.a\\j^ j 


.AjLajuJ J Aj£^)a]I til jlxA 4 \h\\\ IJp J^J^JaII cilljl ^JaII 
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£j1^}31 

A i3o A v \k*si\ aUJl m!< <*\\ d aluJl 

♦♦ ♦ ♦♦ } CP •♦ ♦* ^ 


tu*SlA 1.4 


j) ks~i \c- Jj£j,2il Ixa ^jjjL-aiiLo ^)1£1 jl L)- 0 A jqJall A_^_iix-a31 C_1 IIjj 

^^A La ^1^ IfjJUuJjJ (jjlljjaiJ A jq JaN A ^kjqj>«aN (JjWi laJJjJj .^1 — 4 JljJl) (JaI£!1a 
^ Ij^Utii L ‘<j f\ (2)j ?A_j£da A_^_iix-a ^Jj-aJ ClAJjla^ll 1 g,qq V‘l (jl *>_ l^J laj^)jUl 

J^In n*\ djlala^ll A_i^.jj ^ajj ?A qi3aAN ^ j^xll J l£ jl33 (_^1 cJ^ 23 A jqi3a A_^a ix-a 

<^_iix-ail a_i3La^.V1 ^)jL^-a31 ^jjouILj <ail^_A IjI S^LaI3 (a ix^^a]!^ a, j^n^ll ciAaL^jV! 
^aJJ .S^AxIa CjLaL^jI (Ja*s. 11 AjLIa ^pLfl ^^Lojl LS^ A jqiJall 

(_j<a Aj£^)a S^Ia] ^^LajVl (Jj£joili 31 11a (Jja 3 CjUUJ j og -1 myW CIl/IaLxa ^Ic. 


c." ilYil 1 oIa . (J^-aall 11 a ^luii C ll nl ^)aJ Jj9j Ajj^aII Clllila^)]! ^_y ajL-a^. 

IjI jj a_ijujjj^)31 I^jjLa cjIaUjI (J£jaj Ajjl^al dilala^ i.4Via‘i ^^jII a jq^Jall ^cll q^H JJ^IL 

ClAg J>jl31 A -njVij . A jq^Jall A_^jL-al3 d jLi^aN A j* njall jjI.^aH Jl AjjouHj Aj3aljJC.l 

.oIK-a Ajjajj^) CjIaL^jI A j'qiJaN A_^jix-a31 i4\*ia*i V (jl (j^-aJ cdllijlaj] Aj<L£J1 





AjjjJall JAj AauiLui^I 4AiuiS?l :1 — 4 JSJJI 
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^)j£l (jjqVi ^^a 4_iiLia a ^Ac. dlala^l ^jaVi <. t \ua (jA^j 

.aI^-<AI id-Cl ^>JA dLixAjLull (j-G " (jCi^ jA_j-al! (jdJa^jlxJI'' aJLuia .ALajCIaaaII aI^-gI] »l Wll 

(jj J <3 Laa11 l Qj.^V^a jnlL a j 1 _x_a (jjdd jl (jjjLdilA ^iC. (jjJjCa^jLxJI V jl ^iic.1 

C* nfn (j^-aj t^l^AL .1 2-4 (J^aaiII ^a Ia£ ibj^^A o^S A LaA Alldl ^lilaaj 

(j^fLl . L_1 2-4 cJ^aaiII L£ 6(jl^)SVlj jl ^-oLala 4_Iajujl^J 1 *_a (jjU>a^)l*Jl 

^iC- (jjJjJa^)l*AI 4_ll_^. ^A 4_1 a Ajlaj)\ (JaLx-gj (Jal (jjjLdilAll (jdJa^jlxll Al\^. ^A g.1 W'lVl 
. C-LldVI <jIHa fiAljj ^Jj 4 <SL^-a V ;1*-a dlala^ll iajljj iS^Jl 4a$J • (J/^a^'a'I 



r 


|3S J j | l | l |lj l|l)l ^ 



__&d Eli .jv* 

4aa - — ~~ i ^.9 


***3 -j^-wr 


8Ebh 

A ^-> 


i>‘A- rt' » U _>-A ljIJh 1 -?- 1 



- Pt 1 
32Ebh 8 


-4A 


J— it- 


^li. rt' i l i JljiLA u 


(jduajUAI 4 JLuia : 4^111 jj-lg : 2 — 4 (j£«uAI 


4_^dj-a (JIaaIIuAj 4 j' 1 ^ Jail 4 *sjqA*all ^.ujLajjVI (JjlVill ^^jCu ^IaiaII Cl 




oLdVI Jl 4_tdllj 0° Ajjl j l_ flLAI dlA Aifla) (jLnll A/iU (jjjliJa dlA A-LxIxaaj 4 j'-LJa 

^j)Vua) .x ol^_iVI Auti \\l* 90 J<> aC i < aLAI dil a A^LajuJI ^a iL^LudA a ‘LJ-a (jja X 

jJC- (jllia±la]l Ig qWi (jl ^x, \'\\ ^^Illl Ja j^joJI jlilc-lj Lj^)Sj 4_ALla]l <duall oAA (JjLd 
dla±Ia]l (jl cJ-id -A j<L3all A ~\jL.^ll (Jj£jCo] l_A£_Iajl^)j (J^l (j-G 3~ 4 (J^aaiII ^A (jlCLdiiAll 


(j^fLi C n s. \ (jjVilJall (jjj N x ojaII ^AAiVn .X oLdVI N x (Ja*v 1 lg,‘i^l c<L-aiiA 

a j'LJall a s.jL.roll ^a dlila jll (jl Iaa .<i±Ia cJ^ (JjLcIa X old'll (3^j (JlxilVI 

c-ljj . (Ja^sj (jl c > vsj ^jAAj^ll jjli dLliIa^^ (j^ (3 \}.^1 ^.3-i a a )\1 Ale- <j!_aa 1 a (jld (J*iL 

JlxilVI (^jld c > i>Aijj . A jq^ll A La^Co dla±UI cJLtijl Jal jj Jc. 
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jj£1 I^jV (90 dllij Lilxll AiJall c^fc^ai cX (jfi j 

(Jj9j djljl_g_^.Vl (jl (jLlJ (j^-aJj .X (3^ J (0 4 — 4 jUx3l <43all 

.» 

!<3^\_*JIj ^Jaxj 4_ilijai]lj Ajjixll ^3 X 


(J 


T 

x 



(4.1) 





^A._ 5 *jLa .jjC 1 


(ja Aj LlL JjlVi : 3 — 4 JLwJI 


J^l ^ La£ ^jjjiflall 3* J £5 (y oL^jV^ ( 3 a j) AaliUJI CjL^Aj^VI q )!\ 

(JIxAjVI AiDlc- j tjlxijl — dils^lc. JLa*ILjjIjj tjjjalSjll J^jIjj ^ \\ jc. . 3 — 4 

:a£)IxJLj 4_njl_^JI CjL^Ij^V I J 3 ^ 3 ^^ 

A^f-A' (4.2) 

]^u>! ^ajj (jjjiflall X oL^jV^ (3a J (_£ jLulJ 1 nUn* Lijl (j-« ^^Ic. 

<ailk-o 4_njl_^JI CjI^L^VI 3^ t(l^A Ja^jai ^I^jV <a±La (J£ N x <jjmj 

^3 djlsls^ll (JlxijV (3al jiiil liji. (.•* il^LjjpVl . LqLgj 

^JfLaJ ljJa^)C. ^£1 AjjlxJl <a3all ^,U/i"l 3 ^ C5^-A^ .A-JiLlall 
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jlg-sJ AjUxal! A 4 j>3-a\l ^,U/i'i j ( CT y Axo Al^-^J 


^Ic. S . JlxijV! Jal J j 33^“*' dlSlS_^Jl (jlajc. <_$ jLalj Jj ^jVIxajVI <_£Ajj (jl ^xinj 
1 3 cy oLdV! ^ ©j£ll A_aJa A_njl^J! (ji ^x/n v<Alli 

a\Lt + erf Lt = 0 ( 4 . 3 ) 


d!Alg^^U A^sI^a]! (j^ jJJ (ji ^ x nj v!a^J .AiilS_3! a£Iauj t J L (JliAJ ^ U 4 ^ 

lilLiA f^y jj] AjV tillAj — Ajoi^LxIIa ^ ^^LoUa aIL^J! oAA ^^9 3_9^ J U^-3 — ^ y ^ ^ v 

.y oI^jVI 3 ^j c3f^° Ny J— 


A_njl_^J! JJ^ X ol_dV! 3 ^ J A_LiIa dl^U^ (j! -la^V V villi Ax_j 

(JjAxj l_1^j tiilli ^gAc. c-!dj -Axj ^jLujja A* j A 7 , AxJ ^1 tlAA 3 -0 v (T^ j 

3a j (j'^i^^ll (Jlxij! 3a! 3s 3^3 SaIcA 3^.! O* x ®W 4 VI i 3 ^j cf j crj Cihl^>.yi 


.x dL^jV! 


iJa^^joil o j)Av\ 0 jjl-i'N ^)-a^)il! !i& 3^ jd} 


JlxijV! 3a! 33 • 

Jl*iil -aI^V! dUDl^ • 

3 j!jil! • 


X 3^^-^ (_5^ dll jl^-^y 1 CIl^IjAxj 3 -° Lf 4 ~^ ^ v_ialaj Jj <_£Aj 3 ^cjtliJ! 3! jAju 
a 3 ^1! A_^_iij-al! Aj^Ia-^ | »** ^ * *i^> aa! .3- q !3^ q -Laj^jjaA! <il£ 3'qVn 3^ Vj 

A ^.jqx^al! (JIAa ^) y'la.j .A_3flal! A,*\jqj>^il! (Jjld <3 aIaxILaaI! £^aIjaJ1 J AajaI! 

A^_iix-al! AJl^ ^3 JaV! A_ajAC- AAj^)ia]! oiA jAjj 43 ^ i^All ^jIS A qj?l! AjjIjj A_3flal! 
J! a_lou11_j a_iLLuc. ! <jjlj cj|j dials J jldc.! Ajc. A j>^il A j tdliAal! A-iSflall 


-laj^jjail! ^x-iA^J 3*^ 3^^ 33^^ A_aiidA Aj^jISa AaIxJ v!^ 1 ,A_3flal! A X oLdV! 

A.j‘4j>3-a\! A ^.j^^-al! oiA 3^ L vtilli LS - ^ ®J^ C ' »^-4-\)^ ^! ^!! A_J^)iaj (_^! v Ajj)\^iaI! 

3 ! 3 ^aj A_aIa Aj-saldj £\au A_ilal! Aallx-aliA dl.q^l! Adljj "aJ^IjjuI!" 


I t JSI^J L <l\\j.s-i\ ^!u vcilli ^XJJ .2-4 ^3^11 Ajjld 3lidd! ^jj 

CIj^IaIjla A_j^)lLo c Jxj L<ua . 3.4 o^Sal! Aji[a£. A_iaA! d!i A_i^al_k S^Lui^. Cj^IaIxa 
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.4.4 o Jill J Ajjj^aall £_a JJijll ^_iix-aj]l JJaj AajjUl JjJajll a^LujJI 
(jjj CllljJaJ (J-a^9 Jj tljjl .4_alla-A AjJla ^jlL-a CjUIUaJ Jj jj]l Jj t5*4 ©Jill j 
^9 (..** il q Jll (Jj^saal 1Uj Ijl ( Jj J-ajlIj 6*4 ©Jail ^9 Ajjla Aajx-a diiil9_j 

■ A J Jill Jlli-all ^jJo* j 

1.4 JjLuo-all 4 c. J A > A 

(j-Q 6*Z/ = cJlxijVt (2.61) aJ^IxaIIj Jl*ijl ~jl_£a.yi ciAidc. JxiixJ 1.1.4 

.(4.2) j (4.1) £tf±*A J cj^UijVlj cdi+*yi :>UJ jJ 

cjl^ J ?(4.2) j (4.1) JII^Ix-aII AJialiA J ^IJxx S^Ua J Lilic-I Ja 2.1.4 

.IJj ljlx-a Jj Jill ^cjtijll J Ujlfl C. ?^A L© tL_jJjJ 

4jJaj 2.4 

(j-o JUijVlj 3-g-J^I ClAjjJaJ <C-^a^-q ^Jc. Jj ^J^ajll JJaj ^ jJa'n 
(JlijjVI 1 V^aj t JjJajll aAA JLoxJxjAjj . © Jill I.AA ^^9 Lj-aj Jj Jill 3^a1I JJJ)a Iia’i 
A J Jill A •■■Jwill cAjjIJI A nil Jj cAaliiJI 4 ^^-ujLjjVI c-liJI jt.riic- J y^'\Lij ©^Joj 
Aiij9Jj A A_llx9j A j 3^>j xaijT ^ ClAjjJaJ .jlaj ^9 aIaLoi]I Ajjl^aJ ^j-a£jj .JijlJajJ 

JJ Jja aJIxaa Jl oMx aII 3_xjVI Aj j^aII aILoia ^j-o IIaLqjaI (_j.ajWi 1 T^a'i 

. JJ] ALlillj JxJM aJLS JUij^U aLUII JxJ^I 
AjJaj I^^jj V I $. 3 ^* J -" 1 (Jl*ijVl j ClAjjJaJ J Jj 1 Jaj 

jl AjJ^ill JaJI ^Jx^aj.11 Aj J aj <jjj J A^-*-^ ^xjjVI J-9 cAjJ^llI ^jix-adll 

Aj.JMI ^jix-ajll AjJaj ^nxi JiajxaiIuj . Aj.JjMI ClAJall ©J-IaIa A “yj^all AjJaj Jia. 

5! Jl 1« 

^aix-ajll AjJaj 121c. jx-ajajjj .AijaJl AjaxxjII Uxl *ia JaJjoJl J Jaj Aji JLuJI 

.(classical lamination theory - CLT Jj a^jJ\ 3 jj! CjUjJ J ajJsjII 
j S^JIa AalaJ — ^J^VI cil Jxx AxJ^a 1.2*4 ojali V j! Jj 

2.2.4 o Jail Jj . A j'q^Ja A_^Jx-a ^9 k AiljJ] aJjIx-a (J£xa (J^ AjC- 

3.2*4 6 Jill J Jj tljj^l .AjJlall Aajx-al! A^Laxx ^)JC. JLxijVI j CjI^jxj 

(J£jaij c.” n«\ CjLx JjII j CljVl*ijVI J AjJJall A_^-jax-all ^jJ'J C5 A£Axll jl^jj 
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. CIjIjjj ^ ilill^ dVla ViVl ^ ,^^jxAl j (_£ jfll\ ^a A lx*oll A A jQxriII Sg.l.xxi jfc C_L>Lg1_x-« 

[ 1 4] j jfuxni (j-a (_£.lAi3LAl (J-oxl] LqLqj A^LAua S^jiiAll IAa ^3 djlilq uliVl nx'ij 

.[2-4] ls £aJHu:j jiuijjj 


Aili Ijll JUUI -jl^Y' 4jl« 1.2.4 


Ajiilj S jLg Asl3_jl A-iiauj^l S^UI v* ilj'il jlsJ Jlxijl — dilS^lc. 

: t5 Jtill j^-Al ^Ac- jjjuia pl^A 


<r* 

7 12 


6ll 012 0 

012 022 0 

0 0 q 66 


Yn 


kliJ 


( 4 . 4 ) 


aIjIx-aAI ^^3 AjxAi.Vig.ll CllAjlAl a 1 V- 1 j Qjj t aA^'i^aA! Sg.lxxijfc.ll d^Lalx-g 

rdlblg^VI (jj^A iASlSjll (_£ J0JO1-Q ^ <_£ ja.1 cliljjl^j ^aUaj ^1 .(2.66) 


*V 


011 012 016 

012 0 22 026 
016 0 26 066 


r-. 


xy 


( 4 . 5 ) 


aA jf^-all Sg.lxxijfc.ll C 1 l>LqIx-q aJV ^4 Q-j a! J^ xttll j aA jfi^^ll Sg.lxxajfc.ll CIj^LaLx-g ^ A-ax'i di 

.( 2 . 85 ) *H~S ^ 0 , 

<(4.5) y^l*-<Al ^1 t^jixxixttll A\h\ y‘ic.1 dlul^l Jlxijl — jlg_^.yi dildc. AiaS 

dAiilij^)!! ^Jaliic-Vl Aj^jall 1 Uxii cAIAj < AjqJnll A ^j^x^ill Sg.Lxxajw dj^Lalx-g ^3 

Aailail Jl*ijl djl£A_x£ ( 4 . 5 ) J ( 4 . 4 ) (jjlAjlxxAl ^ja (_)£ ^)IjjC .1 . Ajj^/all 

I ( 4 . 5 ) aJ^LxaII tLiA ^j-g . V* il,q 4 ill SJlJbdg A j'qiJ-all A ^j^x^ill lc 

R =m,{s} t ( 4 . 6 ) 


A^Laxjj ^JC- 2lg_^.Vlj (JlxiiVI dl^jjiu ^Ac. (^^-lllill S^)lall ^3 (JaxIxjj 

Aj^iLall A^lL-sall ^Ac. ^j^jxllj ^^ill A Ix^a^.^ 


uo^JI AjJuC- 


j n xs. j 


, 4 iS i An 1 1 4_: 
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t (4 • 6) aJjLxxAI iAajla (J£J Jlxijl — 2l^_^.Vl djlii^lc. (J-gl£j AJ-axxil jfrj 3.2*4 SjAill ^^3 
• 2.2*4 S^jlall ^^3 S AW -all (JIxAjVIj jI^^VI dil^jjilA AjJa^)x-<Al Ajq;J-ill A^j^x^ll a£L<ujj 
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AjAj h A.'k.jits) p j JUi^t jJu 2 . 2.4 

(JP (j-a 4jpb A_ii±la]l 4_^_i3j-PI a£1_ajoi ^jC- JUAjVI j jlg-PP ^)pu j/‘^ 

Appall A^px-all jnx'i .Appall A^pj-all p. Wi^l j AlUaJjoi^l D^lxu^. Cj^LaIxa (^_3j^)aj 

oLiIa cJ^ ApS^) -lajljpl J)Vl 4 (illl ®J^ C ’ ^ *■'* } AiajlpA ClllSls^ j)A Ajj^a 

^c. o^Qj-t-AbQ ^a djULpV! (j! ^ lar.j 11 a .Ljajl (_j-aallj JUi£U aLIS ^jp. j p .x*Pl ^9 

dl jLoj jjjfLi il-^A j Pj AjjjuSIj Aalijj jVjpl V *»" n^.j ASISjll ^j.la. 

du L<u 3 ^p C-Ajjuj pill cAj-ala. (jrfVil >/r\ dill o«lPj Apia dlil£ p Ia£ Appall A *spA.rall 

. IpLiaiil 1 J) >■ ^J^jd 1 ^ M 

Ajl«ip! p 1 Ap'd a Uad jla iApj Appall a ^p^Pl diil£ 11] tdlll p& 

cJajujjVl ^jJaP! ^gJj 4_idllj palj (J £ 1 t Appall A 'Npx^ll JajuijVI ^JaPI ^gic. Ij^^aC-j 

p 4 p ^ 3-all Aapx-all (J» All La-lic. Jajai jVI ^Jajoill ^gic. Lp ^ aC.j 1 Ap**UxiA P&JU p ^)3aVn 

^gic- ^aJalill s-IAj Ja^jjai p9l^J^ . (_£ pll p (Pa^jad p (_)-ai3_Li p p jJa u*n p (. 3^)*\ \ \ 

cIjUjIiuiaII (_>^all d^b-Ajl pApj ^gJl Jl*iiVI t »" i Vi 1 _p^ac. j l.Ajq’ujjA JajoijVl ^Jajuill 
^Ic. ^JaUll fclpjt Z L* Ur*. y xz = ^ = 0 (j) 6 Jaxa jVI jJajuol! ^gJc. A_p jaxJI 

J yp^ Yxz J J -la^V) 4-4 J^il' yp Jax^jVl ^JaxJl 


^3 . ^ 'i» aUa 4 qj'qVi V t^Hl ^11 IjIH-o (_>U;il <iajl^)!Lo <" \\ OJ& (jl 

V Ic-^^, dll jlii^Vl oIa ^)JQ3UJ . \W Ig <Jajlji!La dllajiall dljt£ lil Lo JLj.W*l\ dlljLoil -l^jJ 4^1^11 
l^j jaUill j/i\*m (_^V (j^J t^l -ijijll <*Ja3 ojp . j ^JOJtJj .Aj£^)a] 1 A_illrkJl uA'ill Ajlflj l^^^ 

(j-a AjIaju 4_iLjall A^aLi^all t^£- JjiiSl AjtJaS e^)3j Clljj-a3 . dLll )\ {'l'vV' aAA ^ja e^,lj 

(jjj My\\ (jlj — fiVI (jl^jJa pj itdlj ^.Uj .Jajljj ^a^C. I^j3 ^.JJ ^pll (j^allftll ^1 (J-a\dll (jlj — 3*^1 
<3 jq^^ll j ‘—pill (j;iJ Jsulj^)ll ^jLl ^j-vx^nll^ L_flpLall lill^pyi (jUl il^A .4 jjoi11a1I A nl » ^11 A )^x*il jj djlsls^ll 
. j^)£Lallj A_lplall A^jix-all ^jlLatA ^^ic. <j\_ui-a Ip (_>“^J ‘l^a-a ApllLa t," Unjl iS y*W (_£jlluA<aJI ^C- 

131 ^ jL-ajU A x x>>! -n jl^ AjJap^a ^^jV! aJojI^oaII Apolall ^jlax-all j)j^j 

jn»‘l <la\dll <pu Jajljpl (jl Pj &.1j~vll Jajljpl (P^. ^■LaJVI .AjuLuaII A_iC.llx-all <joi^)La<ail jP ^(j£-al 

dlupj 2“4 (Jidll ^^3 La£ oJl^p L*-a dlslspl (Jaxj j)l j)Lada (J^.1 (j^ <jplall ^jlax-al! (j£ ^^3 <^,1^ 

. (l^jqjJ-i j-a I g n*\ Uj^ll (Jp3 c<L-^aoLa JJC. djlslspl dljl£ lij^ <L<aila 
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l4V^a* 1 (jl J • (gjjaaII JajujjVi ^JajaII £a ojjaaII ^JaLllI L^-Iaxj 

^La^a Jajoi j$\ ^JajaII (^£' (_£^jax 11 JlxAjVl > -” J llijlj A jaJ^IuII i” I a^'u^aII 

■* # " # 

A-^_iix-a]l (Jjaj SJ^AIa 4_a±Ia cil^Ludl A^jLoili ClAjjJa^All *Lc- j>a~n a (. A]jjj * £ - ~ 0 cL^ajI 

(J^.1 ^ja C_ — c_S^ja^)j£ 4_iiJa^)3j Cy* 4_3j^)xa]1 c_Sjja^jj£ AjiLlall 

^J^IAaII q\ ^xJI 4-pl^.l Ajjlxll 4_*Ja^)l*Jl Aj^)iaj A u>a^)j] .IxJl ^jIjj ^JaLiAll ^^A jfil\ 

LiA (JA j tgAWiVl ^xj AjjSjaa 4<jJa^)L*Jl ^)^^a ^^Jc. 4-p^A*JI ^JalA^l (_£ 1 4 Ajj1iuia11 

Jja (^\ ^al 4_jl .^L^-jJalj C1 Ajja3^)A]1 <C. ja'N a! ^)^)Ja] 1 (jl Aj V 

Ajjoi jl A-ujjLq <jl t A qjq^kli ^^a 4 ^j£aj A ^jUu-allA c^jjojaaII ^^Ac- 

• A 

y 

w J V, U AjAaIoSI 4_^_iAjAall jjl ^Ac« L_fl ^ ja^)j£ AjjJa^)3 t." AjaI^x ’ll (Jfijl 1J 

^ a!1 z-x (_^j!iiaa11 ^a AjAilall a ^-LaLo (JLaxjjaIj z j y, x ciAaI^aVI 

Jj o^jaaII jaC. JajA jVi ^Jajaill ^JA B A JnVAl X oL^jVi ^ ^Ij^jVI jA U 0 (jjfL .4 — 4 

^JajoAl ^ ^jaaaa ^3 S^)LaL>U ^3x^*1 \1" ^a^) cJaxLaJ^ o^jaaII JajA j$\ ^JajAll 

Cj^A cA_ii±la]l A 'NjQx^H (Jlxijl ^"i 1 ajAuxia ^Aju ABCD -la^JI <jl Iaj . | j^\ 

l C A Ua^i Jjc- 


u c = u ° ~ Z cP 


(4.7) 


^jli iJajoijVI ^ li. .i\l ^Ic. dAj L ■ Jajl ABCD ^jl Laj ( 

!(jl ^1 cX ^9 A <^_iijAal] JajAjVi ^JaAiJI (Jja f5 



x~ z j^LuiaJI ^ JUWI 4aaJjA : 4 4 
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(4.8) 


P = 


dW 

dx 


4ja3a]l 4 . -~.'l 4£Lojoi ^)J C. 4 Ua'i i ^Lj^jYI (jjfLl tiilli -IxJ 


u = u—z- 


dW o 

dx 


(4.9) 


y (^3 4 V‘ OJ^ 4 4^jLiui 4^a£Li_ajj 


v = v -z- 


dW Q 

dy 


(4.10) 


j| J\ a^J Yxy J ^ JJ O^Uijl JjSil ^ 

f 

di VlxijVl C_fl^)xj 4 (Aj 3 ^ Ajj^aj e^jju-a CllVljtijl U-J • £ z = Y xz = Yyz = 0 

i Jj La£ d A.^Lj^jVI aj^iIaII 


= 


*V = 


du 

dx 

dv 

dy 

du dv 

1 

8y dx 


y = b 

/ xy ^ 


(4.11) 


(4.10) J (4.9) (jiiljlx-all ^g3 V J U 4 qua .a 'I Cjl^Lsyj')/ 1 i ya Cj^llxLs^i 


du d 2 W 

£ r = Z- 


dx dx" 
dv. d 2 W ; 


£•„ = z — 

dy dy 

du 0 dv 0 . 3 2 1F 0 

y = — L + — L -2z - 

dy dx dxdy 


(4.12) 
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(4.13) 




£ l 


K x 

£ y 

= 

£ °, 

+ Z 

K y 

1 

1 


1 

3 0 

1 


1 

1 


CjVljtijl jj£j LJi 



du o 

dx 
dv o _ 

dy 

du dv 

1 

dy dx 


(4.14) 


K , 

K „ 


K 


xy 


d 2 W 0 

dx 2 

d 2 W a 


dy 2 


2 eyy 

8x8y 


djLuj^SJ 


(4.15) 


Jaia (4.15) ^a 3^) 

tilljA (JJJjl cj^j 6 C5- X ^ , ^> A JaxjJjV^ ^Jajqlli dlLuJjijj ^Ji 

Jfi A cl) -0 AT vr j /C' v j fC x ^ x-a ^ jUxaiII AiirOUl <^1^. 

£j$ 4 <£L<luj ^>4C- Jl*i£U ^Ivs ^Ju ^ic- <^ilj ^ j)Vn S^dl-xa iVqVi 

(Jj'v^l I^a .y= mx + b (_^l ^Ij (4.13) ciiVljtijVi 

.(4.11) aJjIx-oII ^ Jl*ijl — dilate. Ja^a L^JL^a 

(4*11) aJ^L*-a!1 ^ £ .l^Jl (j^£j <jl c > l^j cAj^)j 1^]1 4-jl jlnaiVl dlj^jjaia 4_IL^. 

dilate. Aj^)da ^yu liilidj c<jLa^ill ^4^a l ^^'1 r (.“ n*s \N Q jr a la* 

. l.ijqx") Jl*ijl 
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— dila^lc. ^k (4.13) ;a£LuuJ1 ^c- JlxijVI ^iu 


dlVlxijl k ^»3_j A^lJn'i ^k dlljl^xVI (JC. (j^AJ t(4*6) ^^IxaS t Jlxijl 


°x 
a > 

T *y J* 


0n 

Qn 

016 


l ^jV 1 j)^*lll ^glc- 4 yillill 4 1 u.jjjV 1 CllLuj^j^ 


012 

022 

026 


016 

026 

066 




s° 


K 










£ °y 

+ z 

K y 


- k 


1 

3 ° 

1 


1 

«* 

1 



(4.16) 


V 6 i4 jq 4_^_iix-all ^a <a±la cJ^ o- 0 ^ ^Vi^a Q.. (j> ^j^aj 

JlxijV! ^JJAJ (j^ Ajqi3-»H a£Lax*j ^>4C- ^jjaj 

0* n^. 4_i^.j^Aj]l jLg^Vtj JlxijVt 5-4 (J£jui] 1 (j-iju (jA V*^Jj . 1 jlvs 

2j.l^Jl .lie- S^aIuoa ^iC- {_J^3 tAiLia ^3 A jj-v^ ^1) (JL^a (J£ ^a A jj-r^ CjljlgJkVl 


.(cASISjll 


r 
* ■ 



AxiuaJl £jjj 

2 »^lill 



A-tLIall 4ja-Aua]| 4 ^Llui jjfr JUijiU < _ r Jaljjil jjxj :5~ 4 JSJull 

AjlJalt 4_aai^ll ^ j jjM <lua^a 3-2-4 

(JaI£j 4 A ^a S^jj^aII ^ j^xll j 4ltA\.Q 

i^JIuaII cJ^a C5l c, j ^ <£Lajuj ^>4c. Aala^) jl 4 q^Ja (J£ ^a 

n * = £ 2 a , dz M * = £ 2 a ' zdz ( 4 - iy ) 
(_S Jj SJlij asIsj (J£ (^a j;«2j 5-4 cj^4' ^ CjIjI^.'^I J ia.V 

A a. «all A- Wq/' ( _j^a^)x]l 0.1^. j ^3 0^3 LilL^. N x (J!iaJj . Ij 3C- (J-«l£lll3 tLjajI 

.6-4 JL51I <J LS iAjLU 
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4 \&\U ij jIuiaII ^2 tj : 6 — 4 J^uJI 
CC^ilj £_A J .7-4 (J^xall ^^2 La^ C(J ^lali 6^2kl^J ^2 ]VI X (J-^3 t^J L xjIa (J^JudJ^ 

c"^jia^)*Jl d«l^.j Ja_^iuj JaULujj £-o L£j^ £cJ] M x J N x 

O^LII C1^1x*o^a1 4_LqI£JI <C. ja-^aII 7 - 4 J 6~4 ^Js»J . L-LujIIa ^A La 

j)*v ill ^ic. N ^j-«a A ,j‘4 iJ-a (J^.1 



AjjIuia AjAjL 4-aoiua ^2 ^ jjxil :7~ 4 J^uJI 


X" 

t/2 

° x 


JV Z i 

^x 

1 

1 

= I 

-t/2 

^ 3 

l 

t/z 

=1 J 

* =1 z n 

°V 

_V 


(4.18) 
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zdz 


(4.19) 


X" 

t/2 

° X 


JV z t 


M y 

X 

- I 

-t/2 

r 

xy 

zJz 

-S J 

i=l Z*-1 

<r 

1 


(j\ .8-4 ^3 AjjujLujV \ A_iiLlaH A **kj<U -all A >.i.)X\& ^3 Zk_l J Zk ^ d u*^ 

5= tf > 

U^. z uW < > 5-dal3]l £-« (J^ jiikj ( Cj iIjj! 1 ) djliLoiAll (JIai Zj 

(Jj-oj Zj^_ j k (^3 A^jJall (Jiujl ^Jj A A^LuiaII (Jjaj Zk (jt ^ ‘ix j 1.A& 3^-J 

6 Z o — — t/2 4(^113 LS^ 0 .k ^3 A_a±Ia]l ^Ac-I LS ^] A_g_^3<i]l 43 Luaa]I 

3!*^ V j . j2] z^_j = -t/2-t N t z N =+t /2 IaIu 4 Zj = — t / 2 + t x 

^3 d ilj'il 1 3I cy j x j 3U.T1 1 4 (JaI£j 5I 3 xj z j ^j^jxllj Sjall CjS\,x^v^a 

.4jL Lll 31 •s. TtJajulll 3 JjlliuJA 



dLJa N 3 * AdLila A aoiua A-ujJjA : 8 — 4 JLuJI 


3 I A qj'^ (j-a D^\iiluL>U ^4»19)j (4*18) (Jj 1 i]^Ixa ]1 S^lc-j (j^AJ 

3 l*jj ASIS jll 3 -sajL-a^. 33 ^ aJU. ^3 V]j A 3 I 33 II AIIjIj 121c. qj& ac-Lud^JI 

Ijj 34 C AjjJa^ AJU. C 5 ^J Aj^la^ll j 03 ! 3 ^]! A_^j. 1 j 

CIjIjj jl £ii21 jl " ^Axll" Ja^ioi^ AJli^ll a£L<ujj 34 C. AIIjIj A-J^la^ll jl DjI 3 ^J! A_^.j3 dijl£ 

jl/j c > 1 ua) A-ojlilA Iaj^ (j^ 4 A, 3 421 ^3 AHjIj [ Qij ] ^j 3 4^iaj3jai]l 

3< LiJa Ig ‘i2 4 A q^Jo (J£ (J-4^21 A3 j^^oa . V'ia'i 4l3^J .Ajjia^ll 
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JUijl — J^iLujj LdAic. j .<a±la C12/L -a 

* 

^ u^'i c(4.16) aJjL*-a1I 


(4.20) 


A-' 

N 

"fin 

012 

013 


2* 

A 

z k 

A 


A 

=z 

012 

022 

026 


1 

A 

dz + j" 

A 

zc/z 

N v 

£=1 

016 

026 

066 

* 

Z*-i 

_A_ 

Z*-i 

Ay. 



M x ~ 

N 

0,1 

012 

0.3 _ 


Zt 

A 

Z k 

A 


M 

y 

-I 

02 

022 

026 


1 

a 

zdz + | 

/f 

z 2 dz 

M *y_ 

£=1 

_016 

026 

066 _ 

k 

Z t -1 

i 

s ° 

i 

Z k - 1 

_Av_ 



(4.21) 


a^Lojuj AlLlij Aali^l] [^,y J^ S^LuiaJ! Ai^ix-a-o o^i*'} is^j 

^\»'n ^ajl >/i^ d±jl£ I jj 6(JI!1 a] 1 LS^J .Aiilii 

_J ^ikk [g. . ] o J 2 tij-lic. ^)ic. Ajjiaj ^ J ^ jJj ^ j 

Aj-njl^Ho ^t. A j'q \h\\ o^A (2^-^ lAjjliL A V>J J z 

. li& .i^jlj J& Laa 1 . A^a'i ^)j£l IjJ-lC- Aic. k_lliaJJj AiLia ^)-QjJa 


‘ Z —) (3 1 * 2 ^ Av J A J A ‘ Ay ‘ A ‘A 0 J^' U^ ts^ 

Ajlli£ Oil Cljl^Laij ^j-«a IgA W tiajaijV^ ^Jax21 ^»J3 IgXl 


X" 


~Ai 

A 2 

Ae 

A 


"5n 

B\2 

jaall 

a 6 ] 

^x 

A 

= 

A 2 

^22 

A 6 

A 

+ 

B\2 

A 2 

B 26 

K y 

Av 


A 

^26 

V 

[rly_ 


A 

A 6 

b 66 \ 

A. 

1 

, K 

k 

1 


A, 

A 

A 1 

a 


Ai 

A 2 

a 6 " 

^x 

A 

= 

A 2 

^22 

^26 

A 

+ 

a 2 

A 2 

B*26 

A 

1 

1 


A 

^26 

A,] 

fxy_ 


_A« 

Ae 

Dee. 

A 


(4.22) 


(4.23) 
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(4.24) 



J Ay JL<U t (4.24)j (4.23)j (4.22) cA/jUcJ ^ 

. $.1 , w iVl og.L>Ai^k c!j^Lo1_*-q Dy j <lUa!liujl ~g.l w il cij^Lalx-o Bjj 

tillj J^xj)] A jQ \)~a\\ <^-iix-aIl aJUtTujjVI j g.1 WiVl ^gic- Bjj ,3^^. j -}^)^-a 

.[(4.23) J (4.22) dlV ^j^xll Ljajlj Ixa CliLuj jSjSI j 

L5^ 6 UJ*^ Bjj 'Jg J*Vl <JiLia 4 'S.jQx.^i ^Ic. ( *. ^j-o 

ClS^\jdLi\ JailS V <11 3a u J o ^3 ^jl (j =3 '' iX ) (JjS j\j j < 4 dl3 ^11 

oAA (JjaI (j^AJ V <£_^. (j-° .<Aiia]l <a-iix^all (Jj3 jI/j »1 Wil Lajjj <11 JauJ 

.Jajuj jVl ^Jajaili <!UaJjujl £ja idl3 ^11 6 o1j1_xa11 qj.Aj ^a^xl ^ jjJa^JI <iiLiall <^_iix-all 

tial.j-iAllj ^^1 a 11 Jjlnll ^jja )1 i^ja fiiik ^j-Q 4 <^_iix-all ^3 ^V1 4 Ja^^Lall \. x a \ i 

. 1 9-4 (.J^XAill ^3 La^ 4<3jJju 1A <J^2all 4 ^ t ^J)A^ \ (j^Jj3 .9-4 (J^x‘21 ^3 La^ 

t (Jja V^ll j jI.VujjV 1 <£j^)la c_AiiaiJj N x e^iill <L-aa_A A j^iJ-all <aaij-a]l 

y 

j + cc ^jjjsIsjII <ix*uj^)31 SjIaII CjLaL^jI <^.jj La^c.j .N x = N X y= M x = M X y= 0 

* 

<aI*J 1 S^LiaJI q\ (^J±p (jl tX <iiLlall <^iix-£all ^)j*s.a 11 <ix*allj ^Jl jail ^ Ac- — oc 

y 

: LS^j N x 1 

N x = A 11 £ - x + + Bjg^y (4-25) 


<3ljJaVl-4 /f -1^11 <iijj 4 jqJ-ill *Wjqx^ill (Jj3 N x ejill <L-a^-A c > i Uai"i tl^Aj 

o^jjJuLia c (^il.A^'il) £y j (<1 Uo‘uj.i 1) <j^lxll A jaJ^LiII dj^LxijVl 

.1 9-4 Jiill ^ 
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■■ H. V 

iuJt £)/.»., U ^ jiaU^i) 4 1 1 AU ro 4JLia 4 a-Aua Jji :9~ 4 JS4JI 

([3-4] cjlwj <j^4Uj 6^) 


O^aiLa 4.2.4 


Jjijj (JLxijV^ ClAjjJa^)3 (j-a 4_LaLai 4 x. j4j\4i (.JaLolJ 

(4.23)j (4.22) (jiitalx-all <j jjij — (Jlxijl — SjSJI dilate- 

A |5 (Jjaj iliAj .Dy j By j Ay ! A-Lljjjill ^jla-all d 10 - 4 J^dll 4 ’(uaH 

^3 j)l£ La AujuoJ (_£^11 ^)-aVl tAjlilall A (_£j!iuiA ^Ac. ^JLaiiiujI — (_j-a3 ^26 J 

(Jjj jj^.V 1 u^.J^Y^ 6 tBy J-Lijj Jx-aall ^ SJ^ilali <ala^>]l 

D 26 J (JLaj O^jj^I .4iila^)]l <_£ jOjola ^Ac. _J4C- e^)&Ua aL&j 4<SUaJjujVi J 

4 ^ LI L A 4 1 f~- l 0 ^-V ^ L» m l ^JJ^LM ^ jJ ^»JJj . (Jj3 ~g.l.W‘ll (jl^iiVl 

ji 

(jjj (spanwise) ^VjAall oL^AVl £-a ajj! j aL^AVl aj^L^. 1 jj^Lj sLIW djljLa 

^ Jaia <jJajlxJl V cLAj . l_ 1 1 l - 4 (J^dll ^ La£ c^aaVl ^jOjolaII ^ ^jjALolaII 


j)jj j]^l\ oL^jVI ^)^^-a (J (jAill Lajjj t (jj.VuaAll j)4J ^iV^A^ oI^jVI 


j)C» ^ijjj d n*s.j JjjujVI A^U-iaII <jJa^)lc- ^j>4i^k ^Ac. C-LjaJjll AajAid 11 4_iLj t (jj.VuaAll 


(J^^. 90 Sjbl CllAJ Ijl . L^laS (jlllxa^LtlLa 4_iJa^)lxIl (jjJJjl j ^jjAIuiaII 

JJ*S.a 11 Jj <4x*alL Ajjlj L-fiLA^l tj£daj) ^JJ^IuIaII j)JJ jAall fiLiLVl j^^-a 

11 (J^juAI ^3 La^ l (l 5^ (_£_jLlu«ba]l ^3 (jj.yua.all j)4J ol^-iV 4_3 Ljaa]1 
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J l 'qljl' Cl! 1 4^ 4_g_lLC<i Ail ^)laJ t^llC j ! .Ijc. (Jj9 ‘ ) ^la 4 1 4 


N x 

• Ny 
Nxy 

M x 

■ My 
Mxy 


. 1 2 — 4 J^"'!! ^a La£ t^jjCoukl! 



<Jlh'..l -o^ T j' JJ 

An A 12 
A12 a 22 



iji <-N . ^ a< ^f.l : ,,-n. tl jjAaJ jjjljjA!! ^jxd :1Q— 4 JSCJ) 



([3-4] (j4&J u>^“! Cfi-) uW fUa«j! Jia - fliaJI ulj^V' : 1 1 — 4 JiuJI 
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([3“4] OJ^l (jC-) A Wall *UaJl ^^ic- JS3 -fllxjl £jl j£Vl jlab : 1 2 — 4 JSuaJI 


Ajj^lj jl ^a!1 J ^-^LiaII aJjLaIa jl^A^l £j)1\ AjuJ ^^)Aa 11 JaLojl c‘ UAj.^1 \ 

SjLaII CjUI^jI J^a j 1 g,\j^ v‘i JL^. ^a Aj-ssLlII ^^.IAaII Ajj^Ij ULa^I ^^-axA <. 5^) 


1 ^,\jaVi (Jl^. AJaLoiJ (JfL ^.UaII Ajj^\j jl ^a^ A_aLxJ1 ^_^.1_1a11 Ajj!)\j jl ^a! 1 J (A_ix*UJ^}]l 

^a (J£ 1 3 4 (J£ja11 o^j • Aj^J-all j (a_iujjj^)11 £^^1 CjIaLsA! (J^a j 

Ajj^Ij jl ^a! 1 ^-3 AJUailujl — jl j3) V Ajl . (_£^^a (Ja^J (JlxijVl AjI VuJ 


oAA ^iC- JjaV' 11 (Jl_^. ^3 Aj£J cAjjujJJ^)!! SjIaII ClA&L^jl J^3j A \ a*\ aH ^-^.IIaII 

. cjIaL^jV! 


c41.S^ (jJJJ .(_£^)j^*all fiL^jVl c 3^J Aic- A A^-iix^a (Jj3 ^j£aj tl^iA.1 

^UaII aJjLaIa ^I^aI] ^jdjjl^ jI^aII ^ja Aj3 (_]^1 A Uu.aII Aj ^^)a11 CajI jj j^C. 1 3 4 All 

(JaIxa 1 8 c41*1a*i A j'q \h A^-iix-a <jl 11 . ( ^^-^.1 -IaII Ajj^j jl ^a11 Aju^jI j 

A-^_iix-a ^3 Aj^^)a]1 AjjI^j] ^_i-a3Vl ^Axll . (Djj j Bjj ^ Ajj ^ja AAuj^ os-Luo^. 

^j^fLa cAAiLa ^3 oJIaII (_y Aj ^ja 1 (JL^. (j^ cAAila (J£J Aju^jV IjjIjoia A-iiLla 

.Jala A_*j^)l Aj j^aII Cul jj JAc> IaAaC- 
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([3-4] (j^lA J 4 jjLuuVI JILuiVIj SjLaII : 1 3 4 


cA_ilxi 6g.\.j.jj^k C1 j!}LgIx-q <Jajaji^J A jq ^ 3-all L-Lix-sajj jxa.Vlg .all q^ix,\ 

== > 

.<J^lxJI \\ , xai\,j 4\\ <Jajail^J ^_x3 JAaA <jl (_j-ajl_x-a^Jl oA^J (. G X yj ^ X y 6 ^y 4 ^X 

:<jL U JL ^■jq. v^U2JUi O^Lx^^l <j^jliLa £-a Ail ^I^JC-Vl <_j-a9 t^l^ £-a j 

<11.3-»'ux)l — (_J-a3 (jl^Vl JaUj ^»JJ • 

( Jja — $.li^Ai ^ ;3^11 j iAUa ^ 1-Ajj s.Ia^aV1 caLAVuJ JaL^j ^jj • 

Aj'^j-all ^jl.qx^H ^j-q AAc. <ll3-»'uxiVl j g.1, WiV 1 q±i JjSyi JaUj • 

.(^A* ^kVl (j^ixill 1 1 pallia 

UjUijj Ijj-ajc. uillj ^ja VAj t Jj 6 ©Ala i** u*nl 4 jq J-ill A ^jq^ll ^jl ^'n'uxi’i ^jl ^ x nj 

tiA^J .f.ijjudll ^Ac. <xa.V^,ll j SjLajI ^j«ajl >/i-\ <_ja Ig IaL^j (j^aj V <J^)A^a. ll axa £a 
£ja ^Ic.) <jlaxll ClAqnAVlll ^3a«a ^9 Lg-i9 A j‘4j> J- a\i A ^jqx*a\l <11x3 Sg.lxxi'N Aj^jILq 

A. jJa^)x-Qj JajajVl ^Jajjill ^Ji <Jjuilllj o^JaLiia A j'q \h A (J^.1 (ja i^Ha A ^aAc. 

CA^Lalx-a <3 -»xJ^j 4 jq^J-ill ^jlqx^ill c_L-ajj (jl ^ x nj t<Ai]A . (Jail9 Axi (Jja VA 

.(4»24) <1aIx-a 1I ^9 g.l.WiVl j ^JUalujI ~ g.1 Wil J jSjM j <11 JaJjjj^U o^Lud^Jl 
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liajc. lij ^ j Aj.\}Vq ‘ill ^ Aj^iaj 1 W^a] 4<j-£3^Lk£ 

djlala^)!! djljLg_^J l-jU^ l v^aj tAjAic. . (u*^*.^-fj) ^-Lajuall ciiLajjAillj dj^LxijVl 

d it, jnl A^J <ja dAfllfljll dJjlg^J 1 V^aj cdlE Aajj .AaLU A ~\\k>.s-i\\ djluld^j 

jLjaa (J^nLvi £3 jj In^Aj .4513 jU A_iuuj^)ll SjLgII CIiIaL^jI Jj Ajq^'l A 

(j-a S^jdLiA o-^A jAjj .Lg_j <j-£al_^JI A_i»ajj^]1 d^LgII djlAl^jl ^3 Aila^j (_]£J 

— (Jlxijl — ajC. j — (Jlxijl — djUL^Lxl qll c_l*_x^a]l (_ja Aj^l cIaiaII d n*s. 

^^3 Jaiumll djldi-GC. (jsi * J uj^'um ilA^J .^4»23)j (4.22) ^3 

.AjaJaIII ^r Aj^JaiJ 11 g^ 3 o^L^l ^Ij3! 

2.4 JjLuoaSI ac. j A > A 

V J E SjLg ^ajl t/TSj S^^)ii-G AiLia ^j-G ^llftll <SjLg1g SjLg (j-Q 1,2.4 

! (j $. l W ‘iV 1 J <lUa!iujV 1 0 »Ug> C1l}LgIa-g (jl t A£1 -gjuj j 

Et „ £/ 3 


^1 1 — ^22 — 


1-v 2 


A 1 “ D 22 — 


12(l-v 2 ) 


^IIgII aJjLaIa A^-ii^^a]! Aj^jlaj ^3 ^Ac. D j B La^aC- ^LiAiaiJ (jdill J 

?^UaJjali ~gA Wll djAA-olxA La .AjJL*J1 

c-Li^-jI^ ^JUailujl g.1 w J aJI J^*hgV 1 Sfi !.**»> dj^^Lx-Al ^a^II djljUc. (jldl 2.2,4 

Jjiujl C(_^l c^UaII Ajl£>Ij AiilSj (_5-S A^jIA ^ <1 v -s. djl J 4 < Q 1 L-i ^ 1 Q i ^ \ 

.(4.2 l)j (4.20) upli^-ll j- (4.24) *H*JI 
:j =J! Jc. (4.24) ^LUJI ^3 c1l)LgIa-g a_jLi£ AjI 3.2.4 


^=£(2»)i 


A:=l 


r t Z; + '; 

12 


B,=Z^M Z > A 


=Z(e f ) 


kK 


k = 1 


&=1 


^LuJl Ajj^Ij A ^Jj A3 Luia]1 J A^LgjoiII tk *>“ n*s 

?A3jUjd]l djl^)l4*Jl ^j-g ^3 ((jQi ^) d2)LGl_*-Ai] ^.\x aII La .E ^5^) 

(_jA*-g A_laj^)jaii f. \ WiVI J AJUalojl ~g.l Wll J aJ13VugV1 d^Ixu^. CIj^LaLa-g JA^. 4.2.4 
(jjj^l-G ^j-g A_Aa^)lc.^ 3-1 dll ^3 La£ ^jLxaIa C1jI£Lgjuj djlj A q^H AjjLjj 
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Jajoi jV 1 £C-kjuJ! . ( E 2 , V 2 5 -3 5 ^1 5 ^ ^Vi l a U 

. ^Jajoi£ <jJa^)lxil 

^UaII AjXylj djlalfl^) dill A j'q A ^3 ^y^^xl\ o-l^.j ^3 o^2l (j (jA^yj 5.2.4 

4_i2a-21 a^2l 4_ixu2lj — OC ^ + CC 12^2^ c3*J ^ g.^w^A A^Lax2I Aj^LuiIa 

: UJ^ 


N x A U S X + A X2 s + B X6 k . 


xy 


( [Qij S ) +a ^ 2*1^21 <lj Vi^ll S»1 x*i^k\i dL)Lal*-a A$$±i J ^12 -3 La 

? t aSIS jll a£Ia^ j Ails jS 

•M x ‘(j^a j*AI s^.j ^j*AI lW 5.2.4 aALui 2I c.lj>=2 lS^ l^j 6.2.4 


AjjDal) A-aaluall SfLuA tl£Labu2 4-uaLk CjVI^ 3*4 


.iklj >»“ n*\ A jq \h\\ ^21^^21 qa a ,^-»l -v \1 l" ^1 -v\l lA\\\ 3^121 c>1a C' )i.s* i.si\ 

CliliLiLxAl ^) nx'i .(4 .24) aA2_x-2I ^9 ^aL2l j£dAL Aj^jliLa aA-i^iia IajS &£ Lud^JI i-*‘ ^ 2 * -a 

; s! 

^ij 1.1^. aaIc (4.23)j (4.22) ciiV2x_2l ^ c>°j^ — (Jlxijl ~^j c - — &j3 

CllVL^Al ^Aj ^jujVI Cll^L^AI ^JA A JQ \h\\ ^Alaj-a]l <2 ^L2 1 *lAg 9 £.ljj ^aJJ 4 l^A 
iA\>.s-*\ ^"i-2 ^)dVl 1 g.^xjj 4 4_i£jd 121c. CliVL21 6 1 a (j> a»;9 .1.12*1 J2L/1 

^j^SLA L— ll X.JUjjV ClLaALudA (J£jol 1 1 XJA^ 1 g *1^1 A_*jj^)Lo- 21 ^3 I2lc V (J>»*21 J 

^jlL-a $.ljj ^^3 4x2221 4 joi^)Ia- 2I (j-a CllVL^. SlC- ^clill j .A_2 iL2I S^Luo^. dl^Lalx-a 

^Ai <Jjui21j £\a\\ Ig \*\\ 4 2^21 A£Lajujj djlslij^ ^ya 4_il2a 

Ljajl ^lijaij . 4_1 ujJJ^)]! o^L21 djlAl^jV <2il^-a djlg j-n jlj Aj 1221 _jjL^-a JJ J 

.A_lq ^aC. CIjVI^ 

6g.U*i , N Cli^LalxA <^Jlx-a V <2 i3Ll 2] o^cls (j- 0 J 

^Ac ^.LIj c_a^)*2] AAjli oIa S^LuoJ! cIj^LoIxa (j> aj Vj .Ai±L21 ajjL^. 1 cj^Li£2i21 

Jxj L<u3 ^Iijuj j . CljLj^j2a2l j ^jlaj-a2 ^9 (_}^3 (JA 1 qua a <ij^)x-2l ^aaAlL2i 

cilll ^xj ^lixu La^ .Jajuj j^\ lg,*\3-»j>j.i <-Llu21j o^)Aal-iL21 A jq 221 ^jLax-all L j <2i3l-La 

^-Lax2i ^Ji <Jjoi21j ^)Aall21 ^.xa^C S^jJai2l djlsll^)]! dill A j'^A2i ^cjUx^ 2I L_Lix-£3jJ 

A Uai2Lj _jJall2l LaLaJ l_^_i3 l _ \\x,\ A j<j22l ^jUx^all <2i3l_La 4 1 ^1^.1 j 4-lax*j jj\ 
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ClA^Lxujj 4_JjJa3 ^Jajj A jQ ^ 3-all ^jlaj-ali (_£ I JajoijV^ ^-Iax21 

^jlaj-all Lol tA^L«uud]l AjjLuiLa djlala^j <.A a j^iJ-ali . a 

,<^L<uj d ]l a qV'i'N^ djlala^j la aJVuaH ^t- a jq 


AiJai) ajjui cabi&ui 1.3.4 


c^^Lia]! 4JjL<ua 11a 4_^JLx_a 11 <iiLa]l <Lpl^l 4_i*«alaJl Clx^k,f\ i.'H\\\ jm'i 

^iiaj (j^AJ V j .^UaII <UjLa1a j <Lolc. ^UaII 4_i£Aj t4_*-al_k a_i£Aj 

t (JjWtII ^)laj ^ja ^UaII <^I_a1a ^jjC. A q \h\\ (jC> ^IxJI ^liJ ^J- li >Ij (Jj£jou]1 

.^UaII aJx^u S^LaH A WujjaII Aju^$\ 0 jLoll ^ajU^vs Ja£3 c. i \\"iAj 

^UaI! ^JjIaLj d JjiLaJI AjLIaJt 

( t Ig'^Lojoi J V J E l^jjLa <_j-a jL-aa. ^-^.IIaII ^JjLaLo o^^sIa <a±la ^ja 

A_ii±Ia]l <^_iaj«a]l ac-Luia. CI^LqIjla] ( 4 . 24 ) 4JjI*-a]I 


A -J*—a 

n ~l-v 2 ~ 


A 1 = 


Ef 


12(1 -v 2 ) 


= D 


A n = vA D n = vD 


A 22 =A Bj = 0 D 22 =D (4.26) 

A 16 =° A«=o 


^26=0 D 26 = 0 


A 


66 


Et _ 1 - v 
2(1 + v)~ 2 


D, 


66 


Et 3 

24(1 + v) 


l-v 

2 


D 


<a_iix-all ^9 JajoijV^ ^JajoAl (_£j!ixaa] 1 Ja^3 L** ^ 

; Jajoi^V^ 4 \ k yvv ^ \ ^ 1_a^ ^ 4 1 q ^ I*i \ i 
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A 


A 

vA 

0 

A 

77 


vA 

A 

0 

s° 

N *_ 


0 

0 

l ~ v A 

2 

y 

Yly_ 


(4.27) 


M x ~ 


i 

b 

b 

1 

O 

K * 

K K 

$ ^ 

i 

— 

vD D 
0 0 

0 

l ~ v D 

2 

> A 
1 


(4.28) 


Ljaji A U a\a <ajJa] 4 \1 W*' . ..V ' j r 1 'N\ 2 L .! V 

■J 

At 2 


D = 


12 


(4.29) 


<Lwaliklt (jjkllaJI sJjilaJl AjLtkll 

CIlAaIxa CjII TiLii jj it ^ ^ 4 l^iU <jj7'u a.i^jAla <a2a (_ja 

:ajLi Ui A. Sfrl.XAl^ Cll^Lolx-Q (j^£j ‘(2-61| ^ 3^X1 OC-LuJ^. 

Q ij 


A i Q\ 7 

^12 = Q\A 


D n = 


D\2 ~ 


M_ 

12 

QvJ 

12 


^22 ~ Qll^ By ~ 0 B> 22 — ^ 

A 6=0 Ae =° 

A 6 =0 a 6 =o 

4s,=a«< a,„=%^ 


(4.30) 
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A_L-a^-Q aJjLg!±a A_a±Ia]l £_a JUJI jA La£ 

I CliLai Ja^a ^aj^xll J^Wn Ia£ t£_£ jIiulaII dlV IxijV I j 


A 

TV,. 


4i 

4 


12 


12 


■22 


0 

0 


e x 

E° 


1 

■3 

- 

0 

0 

V 

_A 

X" 


Ai 

A2 

0 “ 


M y 

= 

A2 

A2 

0 

A 

M >y 


0 

0 

a 6 _ 

1 — 
* 

•3 


(4.31) 


(4.32) 


*LaUJt ^ vt \a\\ AjIBIj d J jiloJI A^JslSI 

Sg.LjJ'N CIl^LgIxA dj|j Ajjlij^j t I^J^LajoI A-gIc. ^^11a] 1 Ajj^lj 6 J^)AiA AiLJa (J^.1 (_JA 

I A A^_iix*a]l Sfrlxa^w O^LaIxa (jj^ c(2.80) ^Jasu Qj 


4 , = 04 


A = 0 


0 / 


° ij 12 


(4.33) 


(_£^ii]l 4 1 ^ 4 \1 Wl . ..V ' j g. 1 ^ 'VI _'' L ^ j *</ tLjajI Li&j 


1 

. x 

1 


1 

42 

46 ' 

N y 

= 

42 

^22 

^26 

1 

^ & 

1 


_ 4 e 

^26 

1 

VO 

VO 


X" 


Ai 

a 2 

1 

VO 

cT 

My 

= 

A 2 

A2 

Ae 

M *y 


a 6 

Ae 

AeJ 


A 

rly 


*x 

K y 

V 


(4.34) 


(4.35) 


t A_v-al_k ^llftll Ajj^Aj A_i±]a]ij ( ^ 5 _^.L1 a]I A_LIa!±a A_a±la]l qa (J£j AJ^jULa cAj! 

gjB A_L-a^-o (jl L£ . AJPa* U jjVI (Jlxijlj (_j-a$]l (JLxijlj &\ ^jaill ^Ac- aJIJVuuV 1 (_£jS ^\x*n 

. Y xy (JLxijl ^ Sy ^ £ x AJl Ja* HjjVI diVl xk il_i $.1 ^ju 31 ^Ac. l 3^* 1 1 N X y 


334 


(jAall K. j K x c -1 W ‘iVl djLojjiij p .1 1 g.l^> ^jxll (jlx n tAjLoui 


• AT 


xy 


AJjLola Sa AJLJ ait 

Arctic- ^IAaII Ajj^Ij Aa1_*J1 o J^)Aia 11 (jj J ^jAUall ^3 Aj^.^ 11 (j^)i]l (jA^J 

Qy Asls^) op-lxa-s CIlAaIjla c. j ’11" , ia'i o^ikVl ^ jl ^3 ^IAaII AIjIaIa ^iC. Aiilalij 
Q.. op.LxA^. CIlAaIaa AaI-C. ^IAaII 4_i£Aj <i2all i41*1a * ) l AUj (2»84) AJaIxaII ^^3 Lil^jJa 

i a ^ kjqj>«oH o^Lai^. c_lAaIaa .(2.80) AJaIx-21 

4=a/ 4=° D i = %r (436) 


.(4.35) j (4.34) (jjJjU-Jlj ^jxll j AL-a^-A 


S J&UI 4 II AjiJall gjliLafl 2.3.4 

<Ajju]1_j oALaII ^gajl j AjaAI^JI (jA (J£ ^3 o^)Jal haII 4_iiLia]l ^Allx-sall (J^l (j^ 

.Vlj^-l t (4. 24) AJaLxaII t<Al_*Jl Op. l,xx|-yll CAV aIxa ^ u^o'i cJajoi jVl ^JaxaII ^2) 

c.AV'ia'i (1) :A£Iaju31 (^jLxa±a CAliilij^) ^ jj (3^1 (j^» ( -* > ^A£jA ^)iaLii]l lAA A^Ijj 

Jjjali jl! lAl£ jl (_^1 t A-ix*LiJ^)]l oAIaj! CAIaL^AI 4_^.jj j oALaj! (_j^ajl (_>^ (jAislii^)!! lAl£ 

jjli t-LajoijVl ^Jaju31 (J^j3 Ia AiLxiA ^Ic. Asls^) CAjI£ IaI (2) J $ (0..)* (_^>xiaj (jl^llAJ 

oA^jAIa <a2a jIjjC.1 (j^AJj .JajoijVl ^JajaJl (.** ^ Vi AALxaaII (_^xiaj ^Ac- (jj)^*‘ UlJ (^^>^V1 Aiils^)]! 

aaLA^Ia ( jQ-v^ A^IajaII 4 cAliilii^ll j)A JajoijVl xxi 11 (straddle) ^jxxiVi 

. (Jajjj jVI ^Aajoiil 4_1 xa21j o^JaljJA j^£j Asls^ll oAA (Jja (jl A->*\V) ^JaLilll 
—pi Wil jljaV! og. I xxi cIlAaLxa (J£ p t|^ caI£Laja]1 j (jQ^^ ^jAalij 

(jlc.^aj aJUvuxiVI j p .1 w iV 1 (jjj cj^^V^ ^j] j)A . ^)Ax-ai] AjjLxAA cBjj (_^1 t4_ll jVuxll 

^jUx^all (JjlVl (jA J^Sk 1 <AAall ^AIaj-sAI oAA (Jja (JjlVl (j_j£j tVjl . (jLolA (jl.J I aC. 

J^A Ac. jj oj^IHaI! 4 i'q ^cjUxaAI V tl-Alii - 4 11 W'i > ,\ — p,Ll^Al ^jl^jS^fl CAIa 4 i'q il->l' 

axj ajjAII Jx^> x1 (^aJI IAuaII (_^jl j^JI ^.a*1^.11 (jAIa^jVI A yj\ \ (jAill jl ^Ia^aVI 

. ^xJl A )1aC. 
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o^jialjjA A jq \h 14-4 J^j t JIjaII C5^-J 

^Ac-Vt <_ja (JA AjjiluiA 4_^_iix^a ^Ac- 4 j.A^)31 CIjIAJo ^j-o IAjLaj ^aJ 4_Al >.s-\\a 

Jxj l^HAj ^La a f\ A ^3 ^jAAI ^sW (_JA A_JjjjalA 4_iajujl^J (JijujVl 

A-^-iix-a]l oAa (Jja (jl A_^.L»<a <_ja l^A Ijj .^j^Loill ^uj^aII j (JA 

CjISIS^II ^ja <c.^a^a £jJa j <jl .Ixj ^^^joA! 4j\ac- ^ja ^jjj^a!i]l SJjJjuj A jq \h\\ 

£ji_)a) ^a, W"ua) 1 i I ! ^Lo! jlluiA ^kU^A ^3 AV ^)A Aj^lluJA ^-jLlx^a Aj^IiuiaII 

. O^JaljjA ^ ^ 4 /A I-> 4 Q i ^ 4 i ^1 n L 0 Ai i * n\ l->‘'i |^| Vs 1->1 n a 4 \ I— > ^ 4 Q t ^-> 

^a-l^j (jl A j'q jA? 4_^aix-a <iilaj ^3^ (Al^? U^ t(JliiA]l cJ^joi ^^^Ac- j 

^)4C. 4_liLla 4_^_iix-a ^al.'W**uJ >». 4 .1^.1 j 4__ljL^. (j-° AVq3 j^lA S^jl^^At (j) ‘** > \)^> J 4(_£^)l^)^. 

A j‘4j>J-i ^a^xAlj O^lII O^L-sa^A ^Jaxj . cJ^ ^tlilLuj l^jl jl^ o pallia 

:^bJL 


A 



A l2 

a 6 

K 

A 

= 

A 2 

^22 

^26 

A 

i 

S' 


A 

^26 

4 *_ 

rly 


(4.37) 



^yAjJI J*j SjJaUla V Aj^Ja ^ : 1 4 ~4 JS^J) 


M x ~ 


Ai 

a 2 

a 6 " 



M y 

= 

a 2 

A 2 

Ae 

K y 

(4.38) 

M v 


_A« 

A6 

1 

VO 

VO 

Q 

1 

1 
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AjiLlali ^jllx-all A_x-aLk L_flj -saj Aj]Ij]I A_iC.^}i]l ^^3 

t <ailk-Q Lua (4.38) j (4.37) Dy j Ay AVuxi .o^laliiAll 

. ^J*N. u t 1 

^Jaj (jl (_j£aj Jaxu jVI ^Jaxull Alxjiillj S^JalliA AjiLla A^iix-sa ^11^. Ail I? 

Aa. J*^ A*J^ ^ j i -v ciili j-q djlilijll Cj lij m^vi j (Jjj ljlj5j 

oA& AjI Aj ^3 (JIIia ^£jj) A^-ajuJI ^)4C- c£^jl^)^* (3fla ^]j Sj'j-JI 

(4.2 l)j (4.20) Igj'c. <-"\\'\\ j£\ i^j>Lui^\ ^jli cl _ ia ^j-o . (A_ic.^)i]l s^aill 

^_j^ii3li .(4.24) Laa 1 ,^*"1 0£ Ixxi^ll C1 l}LgI*_a <j j£j j . ^iilalil] aL13 

A_a-iix-all Sli$\ ^JaUull L_l3^kj Jl tilljj to jLaII (j«Vi 1 x«-vn 

. A_iLlLi]I 


AJjLaIa Jlj-a (j^a S JJUlLa ljULiL £-a S jIsUIaII A-aiJa]l ^JlLuoJl 


(j-o ^JalllA (J£joiJ A q\**iA.A C1 jI£Lajuj dili ^UaU ALLla djla±)a 0.1C- L_JJJ^)J ^aJ lij 
A_^jl_i]l A, A^-iix-all ^jli ; J-ixxijVI (J oJLaII A_x-al_kj tAjxxi.Vig.il ^jjaill ^'^aj 

AjiLla A^-iix-a] llijxxn ^\!1a 15-4 J^ll (jjJJj .aJUVujjVI j g-l WiVl (jjj Ijl^ij ^jg.lVi V 

Axjj.Vig 11 ^3 ^jjallill lc-^j ^ jjJa^j ^jg 1 *>j tl_iA j . ^^-^.LIaII aIjLaIa V* ll Qil*a Cl2Aj ^j-o o^jialjJA 
Clluj (jAjJajj o^JalliA Ajq ll? A^aix-a] l.ljWi ^jj£1 VI^a 1 — 4 (Jj-l^Jl ^ l?xj .o^LaII Aj-*al_kj 
^jg.l-ij tLjajl Li& . A qViAa C1jI£Lajujj Ajj^a ^ajl >/T\ djli ^^^-^.LiaII aJjLoIa >.** ll ^iJo 

(J (^3 4 J 3 Clila^lall jliac-l (j^AJ Ajl ln*\V .SjLaI! Aj-saLkj Axjj.Vig.il ^^3 ^Jallill 

.0<v L-aJI 6t L^j£Iax« 4_ajJaS L*-a 1“4 



^•sl i alt 4 JjLu 4 Cjlijla (j* a jiaUla AjjLJa 4-a-ii^a^ Jajj^ys j jC- jlala : 1 5 ~ 4 JiuJI 
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4jjLala 'i-lixla CiliaL Cuu SjlaUia AjAiL AjvaLua :1~4 Jj.SaJl 



( 012 )* 


Vk E k 

1 -vl 


(066 )/t 


A 

2(1 + v*) 


(4.39) 


14 4_L. 


jliklj < 


1 

X 

1 


1 

A 2 

1 

0 

A 

N > 

= 

A u 

A 22 

0 

A 

1 

a 

1 


1 

0 

0 

A 66_ 

/ly 


X' 


Ai 

A 2 

0 ' 

K* 

M y 

= 

D n 

D 22 

0 


X 


0 

0 

X 

1 


(4.40) 


(4.41) 


j^xj (_^U1 ^JjLaLq djlaJa Du = D22 j An = A22 oj & 

Aij — 1 ^^ixj (jl UUaJ (j-oj .(4.39) ihU-II l!jV 1 Ja^oJl 

.^Jajjaull a^1a^\ (J^l^ ^j-o Dy j 
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j-a (j -4 S Jdxla ljULlL j .4 SjisUl^t AjjjJall ^JlLuoJl 


j Di6 ‘A25 6 A|5 og.L»u^JI C1l /L<> 1*_aj 4-LaJj^All 4 j \ j\ V ill l^laj 

^jl .o^A og-Lui^Jl C!_j!}LaIxa A jQ \l~iW A 4\\'‘ia'i V <jl ljl-i^.1 L_JjC.^)A]i 0^ 4 ^26 

A_iuUJ^)]l o ^ LaII CjIaL ^ jI ^ jj£j 4 j ^^-^ Lia !! CjliJa Aj^jlall ^jUx^all ^U/i") 

O^LaII ^gajl >/r\ j j CIjI^Iajuj Clljl^ 41.9 .4_iiLia]l 4_^_iix-£a]l CIAaL^j! £a <ajUa!iA 

(j4J jljaj tilliA A Jaj-ujV^ ^Jajudll S^JalHA AjiLlall A 

c > ^}4n o^LaII ^)ialjj Ajj-saLk <jl . Laic. S $\!1a 2 — 4 34 j . j g.1 W’lVl 

. 3-ixa) ^J ajaill 4 iVi j (23.3^ ^IjuiaII AiC- ^9 (_£^LoU 

Ajjl^jj 4 ll <[Q] k t^liJ 4 _i£ylj 0 jLaII ^gajl (J£ u' 4 

^<a±La 4_i^.jj (_£l) A-iiLiaH <^aix-a]l ^jjI^aII ^Jj ^Jjudillj 4_1 ujJJ^)1I o^LaII ClA&L^jl 

o* uj^ (4.24) <S^I*-a3I ija *liajVlj 4J Uvu *»Vl og.L.jj> CLljIaIxa c > u,i4‘i .^jjSliL aIa 

k ^3j 4q J->11 (J^.1 


(fin)* = 


4 


i-44 


( 012 )* = 


44 

i-44 


(022 )/t — 


i-44 


( 016 ), =0 


(026), =0 


(066), =42 


(4.42) 


j D16 ‘A26 ‘ Ai6 o^A^JI ClI^U^ jli t jL-all jjUjLuj {Q 26 ) k j (£? 16 ) t o' Wj 

^ u*n ^)Sj«£a]l Bij ^JUaiLjjl ~g.l Wil 0g.lj.jj7k CIljIaIxa ^ jUaLJ .(J^-AjJaj D26 

4 -v <Q . ^4 1 \ 4 i*Qjl»i\ i 4 x 4 ^4 1 I ^ a . n j C j^ a ' 4 ^ \ , 4 1 Q 1 1 -t \ 1 4 x <Q . ^ 1— *1 jj 

^i) 4_x-al_k ^IjJI aJx^)u <ala^)31 ^a AjUaIIIj cillj j 4<j«£aLk ^_^.11 a11 aA iDlj AjqiJ-iH 
0* UjjjI A SjLaII <j-£al_k ^xjjjIj A-i^iLa 4 ^-ajoG V (jl c % ^ \ 

(4.41)j (4.40) o^ill .i^Ajj .(A-ajLuijj Lojj^ jI^a 

•Du i 2 D 22 j An 7 ^ A 22 u' ^Liiluilj ^IjjSI (jic. 
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‘LuaLk ^aIIaII ljULL <j j* SjlaUla AjjJa A,vj 4^ :2~ 4 JjiaJl 


Cil£L<uJI 

s U3lN 

oAIaII ^j-ajL-aa 

4 Q d\l 

Q66 

Q 22 

Ql2 

Qn 

t 

0° 

f 4 

f 3 

f 2 

Fi 

1 

2t 

VO 

0 

0 

g 4 

g 3 

G 2 

G, 

2 

4t 

VO 

O 

0 

h 4 

h 3 

h 2 

Hi 

3 

2t 

VO 

O 

0 

g 4 

g 3 

Go 

G, 

4 

t 

0° 

f 4 

f 3 

f 2 

Fi 

5 


djlajJall dll A o^)ial-llA]l 4 <q ^ 1— » \\ ^jLlx-all ^ja lAa. Aj-aldll AjuLa]! aJL^JI (Jj-ad 
SaIaII (j^a j! t/rsj A^IajaII <_jjdAj (j£ i.4\“ia‘i IaAjC- Aj-alaJI ^_^.L1 a11 Ajj^Ij SAAxHaII 

AjLiiall Aadj-all jjI*s.a' 1 A-bdllj 90 J 0 (J4J I^jaIaS Aj^n^ll dl&LajVl G_1 jUljljj 

0^)Jal Tia' 1 AjiLia]l ^jlAx-a]lj A ^jlix-a 1 A^A ^^^-AjaJ •[0 O /90°/0°] (JI^Ia!! (JjUjuj ^ic. 

CjIaj a£LuuJ 1 dlilijll J£ ^JaiLo) aA\ o^ViaII dlSUi^ll dli a a^Yia'I 

(J4JU *(90° A-Jjlj ig.ni IajS J£dj (jjJjjlViA (jjjAfla ^ L_fllJVl (jV Adllx-ad dUjliij 

£ja AaIj^a AdlLx-aliA dlA A aJoYia^ S^JalnA A j'Y)o A 13x^1 1 3au*n Vi^A 1 6 — 4 ^J^AjII 

£ja IjA^) 3 lAAC. AjAjJall Aa-idal! i4\“ia'i (jl l^j . (_j-ajL-aaJI j A£Laja]I ^jldlA l** \\ q Ja d^lj 
dlAflaSI (jt ji) aJUVujjVI j e-UaJVI (J4J j^l (Jjjj Y n^ _jJaljull dlj'JViA AjiW CjlaJall 

. ^ <aj\ \\ aldlj ^jlatn LajS l_jj!jjj V 


t dig iJall qa £ jA^aII aa*J 1 j AaIIx^ViaH dlal3^)ll dlA a YnJall IaI 

CIj^IaIxa — 4.4 D^AaII ^3 ^jjja 1 _a£ .3.3.4 o^jAAli ^^3 Vdj e^JaLiiA 

A-iiLla ^cjIaj^J ix-jdu cJbV! aJL^-I1 AjaSLia ~A jYJall A *yiqx^i\l A_ujIaa1I ^JjIaa Aj^)lai]l Ss-LuiaJI 
^j^LoUa A^^jA^a]! i^jl_a±Ia j aSLaja]! Aj^LuUa oA^jAaII Lgjl.YJa AjII.a^Via dlslii^j dlA 

.SAjAaII dl-A^lall A^Iajoi ^jC. AAlia-A \ ,g,i^\j tA£l_Ajud]l 
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i. a jIaUla ulillj £yA 4-jljJa Jajl jla jjfr jlaia :16 — 4 Jiill 


oaLui^JI Jjlaiilul Jjlaixi ^ . j.; j dlLul^^Vl ^ ■ ^ajj (^J^.1 /j-oj 

6^.lxu2k C^ULx* Vjl _jn» ‘il .<all^-A]l 

4=Z(e s l( z *- z *-.) ( 4 «) 


k=\ 


(j-a£j cluA (j-o ^ Aj^I^VI Q ij Ay (_£ ^LuU 

jl 4 <LqjAx-q g .. II ^^-3 A-qj. 1 *-o Ajjl^j Ay ^ic. A-pl^V I (J^jl^Lal! 

£-0 l^jlc-1.1^. ^ J)<Q'N A (jl 0* n^k ^k'VI (J>1»MI J clilLuJ Q j II I^JSIXA QjfLj (jl 

^^9 *• Q ij <^A9l9^ii Ajj^*all oc-Lud^JI dj^Lolx-o djI^jLic- (j-a . ^)Li-a]l (_^jlx*ij aLLLoII 1^jI£L<luj 

AilliUI CjVlil £1*?. Jj Q 66 J 022 ‘012 ‘011 OJ^ ‘(2.80) ^4*4' 

(jV a^^a A 66 j A 92 6 A |2 6 An (Trigonometic) 

(j-a Aa^Ax-q Q _9 Q 16 (^ -Q _5 »^1 jAII (^^Ac- Ai^^-a Ai^llillj (j^^J djl^Lajud]! 

J Ai6 j)_^4 cl)-* 4 » A j‘4j>J-a\l A^aix-a]! ^jL^q AjjuuIIj 90 J 0 djlSl3_j fil^jl (J^l 

jl 0 AjjI jll Ag^.^xAI ^IIaII Ajj^Ij CjISISjSI dll A A jQ iJ-all ^jlaj-sall ^3 AajAxa A9£ 

. 4 s*Qjl«i\ l 4 N JQ i ^\ l JjL^-0 Jj Ajjoullj 90 

IAJUVuJ ~frl Wll (jl^l a»l **)> dj^Lalx -0 Lljlj ^)JQxj] 


4=^101(4-4-,) 


2{T, 


(4.44) 
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oJIaII ^j«a j! 0 * ns. A_Al x«Via 11 dll 3 ls^)]l dilj AjjLJall A -\\k>.s-i\\ ddl£ l^li 

» AJjg'XAlJ (jdll La£ 4 (_]a-AjJalluJ Bjj ^jA^k (jli 4 JaxxijVl ^JaxxAl 4 _ijou]Ij Axxi.VlgAl j 

uUaJV! og.lj.xi-s. C 1 j^LqL*_a I jjdl jiw.'! 

4 -*.’-.) < 4 - 45 > 

3 k=l 

Iajj . (Z^ — ^k- i) *^*^J £ Aila^l] Q .. g.l„ia. ja-sa a qVi-saII Djj Cjjfi-* 0 * n*s 

J D 22 iD \2 lD U ‘W° cs-^ 1 ' ^'j 0 66 J 022 ‘012 ‘011 

4 uu) C1 AaL^_}! O -0 4_a^.1xa Q 26 -5 Q \ 6 ^ X ^ 1 llL9^ . 4-1 ^,^a ^66 

.A-ALJall A -sj^x^ill diljjl.l^,j ^jjL^a ^Aj <Jjou]Lj 90 J 0 Ajjl^ll J^ 3 j oJLa 4 n^aldA 

.^LsjJlxxi ^26 J ^16 OJ ^ 4 

4 -alc- (jXkLLaJI 4 u^j SjLj (jA aJJxla CiliLia £-a ajJal, nail 4 ft Jail ^-SlLuall 

<aIc. ^UaII 4 _i£jIj o jIa ^ja oJ-IxIa 0 * ll ^lAi £_a Aj^ilall ^jllx-all ^)g,AVi V 

By (jj (_£ I 4 AA 1 Ad x xiV 1 J g .1 WiVl Ijl^ij Aaxxi^Vl ^JajaAl .\udinll o^LjI.V’iaI' 

^^Ac. ( 4 . 38 ) j ( 4 . 37 ) diV-^xAll <Aajail^j ^jxllj O^all dLjix*as.A (Jjaj 4 l^J _ ^qx*all 

o ^3 4 ^)-aa]l JlxAjl j A iaA-A-III (_£ d 3 . u *0 Djj j Ajj ^ 3 ^ 4 AiA^ . ^Al _jAll 

.A, iaAiLI]! CllLiai^£i]l^ (jAall j 4 (jAall^ A, iA.Aalj]l ^»j^x]l 4 A, }aJ-iIu 31 dlV \.x\'\$\ j 

D 26 J Dl 6 4 A 26 4 A |5 Og.lxjJ>SI dl^A-olxA A Jaxxil^J q\ IjiA ^gAc. (J.VuxiJJ 

Jj a *\ xxil a\1 4,s.w^U ^vAl AJl (Jas — g.ljajl Og. Ixxl-sll C1 |^jIaL*_A J<.x-xVl 

<auaiLAl ia^Vl 0 ^ j*aa . 37-1 J^AA' ^ X- 29 A o jjILU (forward swept) 

^■UaJI (JjA 3 ^ cJAS c 5 ^C. (Jaxj A_ii 1 jA A j^jaI nJi ^_jil Jj 

^ My Lg\ 4^-UaJI ^_XJ1A jLuij Ajjl^J ^^)laAl Jl O^jUall ^xxl-S Ij^^aC. J 

lJj 3 jA 1 I) a i^aa'I a yj\\W ja ^^jaIjjj jjj^I (divergence) uj^j * 10-7 J^AA' 

MjJ (J£j^ cijlSls^ dil A a A^dx-a 4 . 4 \*ia*i j .(^jUAI a, i-s xxij 1 i-sAl ^AIa^VI 

oLdj^l ^-LlaAi (Jj 3 c > i ixxi*i D 26 J Dl 6 di^LolxA ^-LlaAl j^a-A Jl <jjou 11 j <alidA 

jpl ^lc- L—ililill 1 Uxijj . 17-4 cJ^dAl ^5 4 ^^ia\ n J j^jV 1 ^LlaAl Jj 3 jjV (Ja^IxaII 

dl ijjS <j^L^.V 1 A^j^)Aall (jV <il^]l J ( 3 '*^A I^jJ 3 ^Jxa ^-LlaAl (Jj 3 
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(jc. AjjI^j (Jjaj &«1^xja CIjIaIxO >»_ i\3V i ^J.1 *_a ^-Ll^. C5^ A-uIaajiI D 26 J Dj6 CIl^LaLxa 
t.” \\ q^JV <_ja l^Ju-a l^^C- c_i£^)a ^.Vlaj^a ^li^. ^3-»n <jl (j^AJ .^l.Wll 

IjI^a J^jqVl a^JAx-a AiKSI j (j_j^ ^ ^i3 <j^£j cLiA ^j-o . VjLaIc..} (JJ*^ SjLajI (_ja 4_i3ljJaVi 
£-a Ij1^-qj S_jjLaa 11 aJj^. ^Ui) V i ^»LaV1 ^lxjjLaII ^~1 ,Kll VjI^ S^)jlJa]l sHl 

bjjj 1 A-y.^ ^_aIaV 1 U ^3 . ^A_illc. Ajjl^j 

U ^jaUa [4-4] Weisshaar j Shink j Hertz ^Ij jSIj .^il*JI j-UaJI <> Ail£j 


. A_j£^a11 CjI*La£U (J^)-a]I ^lAx-ajll ^-ajujj ^r u*ol 



AjVaUjJ I jjjj JLaaI jjjIj i**tVi ^JUua ( J^) O^SSj Lj|f U^Ji 



AJLl£ ^jic- j l-i£j^ 1! ^U^Jl cjif U^Ji 


^LaVI Aa^jjIa 4-v \y\ AjIaIuuI : 1 7 — 4 J^uJI 


(jV) Ajj1__^j ^JjLaJI CliliiliS^]! Clil^ SjJaln^ll j A aJ^ViaII Aj'q^H ^jl. 3x^11 jm~i 
^A j'q^H A_^»iix^a]l aLViVl A_1 uu]Ij “ Oi j + d ajjI^} S^jIvIaII 

^jLuUa A_i£Aj djlsla^) A j'q^H ^jla^-sa]! a^A (Jaa .Aaill a^A ^ja L-alV lc.^)3 

o^LaII A_^.jj ^ajl x^-tn AjjI^] A_kai£l_x-Q Cljl^Lalj 6^jl VaII C-^W'lA 1 L<£ . C1A£1_AjuJ1 

.[+ d/~ d/+ Ot] (JIa A j'q^jV A ^Wi jjl_y-A Jj A_Lou]Ij A_1ujjj^] 1 
A ^liVu A_iiLla A_^_iix^a] \, J-ajxAj VULa 1 8 4 (JV'^I . Ij^)3a djLa^lall (Jl . V>J 
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A j'q A 1 .^x'l VAa 3-4 J j.lAl ^ 3-a3K,j j .A_1 jIa 0* ll ClAta ^ja o^JaLiloj 

^UaII aJx^)u oAa (_ya. jL-a^. (jl Ja^.V .A-alc. ^AJlaII Ajj!)\j dil^ 



AJjLa Lljj Cj^Lj ljIj 4jaj|jla jjC-j SjIaUlaj A afoVu AJLL A jiala :18~ 4 JLuJI 


4-alc- ^aIIaII Auj^Ij Ljlilij ^jja-4^ (j* SjJaUla AjjJfl A^aiua : 3 — 4 


a^AAI 

0 UjYI 

SAaII ^ j^ajl >a-\ 

A Q 

026 

022 

0,2 

011 

t 

+ 30° 

f 4 

f 3 

f 2 

Fi 

1 

3t 

- 60° 

g 4 

g 3 

g 2 

Gi 

2 

5t 

+ 10° 

h 4 

h 3 

h 2 

Hi 

3 

3t 

- 60° 

g 4 

g 3 

g 2 

Gi 

4 

t 

+ 30° 

f 4 

f 3 

f 2 

Fi 

5 


D 26 j 6 ^26 4 j c t i\)^"n j to^lc-1 A-ilj jIAaII (jl^)£y! AA 

CIAIaIaa <jl (jA (_j^ajj .aJjUS Clllj S^JaljoAll aAiIAI Aal_k 

^ja Aaili o^A 1 g \~n1 (_ja N 1 A_aj 3 ^)i_x-£al^ N = 3 La-lic. ft^LuoJI 

tflj .(4.4.4 N jl Ia-IIc- 1 /N £_a uJ.Yn (j-aaliL j (a 

4 j A 16 aJUVujjVI S^L-*i2k CIAIaIaa CllljAc- 

A,=f.(eA(^-^-,) < 4 - 46 ) 

A: =1 
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(4.47) 


D t 


16 


=^£te,« 1 ( 4 - 4 -,) 

k=l 


jV SjLujVI Ajjlli-o AjA^. ^ Di 6 J Ai 6 UJ^ 


16 )+or 16 )-a 


(4.48) 


^a 3 (jl 4 A_LLa] 1 djlajjall SAAxaa o^JaLlLa A_iiLla ^LlL-sa (J^.1 O - ^ tlA^J 

• J' Cir^ L$ Djj j Ay J l^ij jHa Ajc. IaUj 6 JJ^-a D 2 6 J D 16 4 A 2 6 6 A 16 

^lallill c > n**n ^1 jAII ^Ic. AAA^-aIIj 4 AjjLuiaII By S 3 IA ^jLjjC.1 <_£a! j 

dAAxIa S^)]aLlLa]l AyLJ^ll ^jIax^iII (jli D 2 ^ j Djg 4 A 2 £ 6 Aj^ AiLjaVL 

^jLaj-sali AajouIL ^x-a J M3 -0 ^ AaIaC. CljUaJjaiij ^)3jJ (jl aJjIaII ll 3 jJ^ll 

A_1jIa 1I djl_a^la]l oAAxaa 03 I 3 I VIaII A_iAila]l ^Ll-Ax-all <jl c^IIa ^ic- A^} .Aaa^^aC- 3 ^! AaAiIa 

wiiaII (." ll q O-i 11 SAAxHa o^lal WaII ^j! <Us*\\ o^)3jj 1_aa ^jj£I (_j-a3 S^lxu^. ^)3jJ 

(Jl^-all <jl 3 a 3 tciilA ^j-a CS^ *^ c ' 3 ^ 1^-lLaxIlujl (Jx_^j La I AAj 

Lu 3 (jV © 3 JJA-LII (JjLuiaI] SA^AaII ^-l^jVl ^3 ^26 J ^16 6 A 2 £ 4 Ajg ^)jl ^ax^-iaII jl 
^-ill i^ISj (jc. L03 A-aII^a A-jl VuJ 0 jtij c > tu*n (jl (j^aj D 2 ^ J Ajg 1 ojjxx^ 

1^-iS (j_^4 AJl^JI ^3 JaA3 (j^AJj . LaLaJ ^)L«oll AjjLaa o^Lai^Jl dj^Lalx-a l^_i3 (jj^J 
. ^Ljal jl 3}^' 1 (jjAj iLaLaj ^)L*oll AjjLaa D 2 ^ j D^ 4 A 26 4 Ajg 

^aUaSI ^JuLaILj jaC- 3 AAxla ljULIs lj! J SjIsUIaII 4j 1 Jalt gjU^alt 


d^JalHa ALLaila ^C- oAAxiLa c** )\ ^iLa dllj AjAiL A A-al_*Jl aJL^JI ^9 

(JjJaAJ Bjj 11 C AA^k ^LuLjjIj Xf -1 wi-v \\ \ ^\ A^ ,^J V 4 1 ^-Lxuill ^Jj A_Ajou11j 

SjjjjJalL ^ g'Vn V ^lill D 26 j Dj 6 4 A 2 ^ 4 Aj^ oc-Loi^Jl Clj^Lalx-a (J£ A^.jJj . _jJa\jo51 


(j-a ( 3 ^^ 4JUU1 ^gic. ac-Loi^Jl (J-aLx-AS . (." ll qJ-ill JAC- ^)L^ill 3 ^-j 

Aj^IaIL ^W’i.a'1 ^lill ^liJ AJjLaLa ^C- Aila^j (j- 0 (2»84) aJaLcaII ^3 Qy A_ajL«oA 
o^Lui^Jl c” ll J^jAAin tLlA 3 A . ^-^.LLall Ajj^Ij Ailaj 3 ° 3^^ A W’uaA oALa ^_ya jL-a^. 

.AaaII oAA ^J^l 3 -a lgAj^3-i'i 3 ^-aJ V (_^ J^l AjAiLs ^jIaj^s (J^-l L) -0 ^ ‘^aaII 
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jiallUl ljIj 3.3*4 

(J^.! (_ja Ij^C.^)a -lajoijV^ A jq ^ A -\)kks-i ^laljj Lq^aC. n*j 

^a1] oJA*Ha Adlj^iS d llqjjj-i i <jli £a .<lUaJjujVi J »1 WlVl (j4J 

^ja . ^lAj-aLill d il 4_n]j (J^.1 ^ja o^jialjJA ^)4C. A j'q i\)o"n A <j£^)a11 

Ajlij <iic. <^.J^JA (J^3M tJUJI 

af.Lu^. l_l^.jj lij t ^iljJaj JIHa^j . .Vq» a L_Jla ^l.^VuJ (jj*^ (J-^ 4 qua a 

4 Q ^l-i\l L*\ -v*^l Ajjl^l UjU! dJi ClA^U^) ^JA 4jt_lk- 3A 4 <Q ^ ]-> 4 -N. <Q V 

.AjL Jail 4. ^_iix^a]l jjL^a ^Jl A_luu31j A m a “Wj ^_lc. (." il qJ-ill £_iJajJ ^^3 ^A Ja^)jai]l lAA 
oA& ^ja ^ j^^a ^ Adliujl <_ja 3 t A qKll j C1 jI^\)^"ia1 4_j IVujjVI O -0 J 

^jj .[ +a/ - a/ +a/ - a] l$ 1 *<_$ jd! Ji 4lfL> ^ l-jjUjj Cj1^.jj (jsj djlLUl 

(^1 ^LuJ djl ^JJAA ^)jJ^a1a (j£judJ ^)J3M \ ^jl ^J^A 1 ^ cJaj-0 J V 1 ^Jj AjjaulLj ^)iaLli]l ^JJAJj 

^jjaA A jq J-iH A Jllo <jl ^ja ^c-^11 4_ll_^. 4_b>d]lj A jq Jill 4 *\jqx^H 

jj US cJa^jVl J] 4_ud]lj (antisymmetric) jtlsl! ^Ua aIs JjLLua 

. A i^aa <j^£j ((JLxijVi Ajlda) S^LuiaJ! CljUa^jAJJ qsixa 
JajAjVi ^Jajud]l A udlLj ^aldll (1) A_iiLia A_^_ iix-al ^_^)A£LxA]i ^)ialli]l L_lliaJJ 

A m,A <il_uiA ^gic. odJ J ^JA A^IajaII ^jLoUA J) }'* ^ C5“ UJ '^"^ tJ^-di] 

jiaJU ^-a (2) i(-lajujjVi ^-lajoJI >>“ 1 Vi AiLudAll (_^uaj ^Ic- -lajuJ j^\ ^-LajoJi ^^3 

^^3 .j J^ ftjUll tA'sl oI^jaII jl V^vr g-i jji 

dujjjl <3ls^)li ojLa! A-IjoUJ^I CjIaL^jV! Cj\:£\yJj to^)]al.UA [*2//]^ C5 -^^a11 aJ jvIj o jIa 

jl) 90 0 (_ja )Wn d 1 gj~> jail 6^3 .JajaijVi ^Jaxoli AjjuuIIj S^}laLliA 

^jl Laj^5 •( A j> J->\l A X a!1 A, uai^IIj Si^)A Sjjaa| — Ct "^CX (j -0 -J^ 

. 4J1 .Wun^n j c-1 W iVi (j4J (jl^)3j (2* ,/v\j co^)JaLilA c." Uiijl |(^ „ J^ 
djl.q^3-»H ^)A L^.j^^a <joi£Ixa A jqQ-lH ^W^a'i ^jl L_1^J 

oJIaII jL-sad djlALdjV <jjII1a djijldl Idajl c.^U'ia'i S^)j1 V^aH djlsls^ll Clljl£ 

Cljl^Laij c-^W'ia 1 V S'JjI.ViaII dljl£ Ijj IaI .4_ilila]i 4_^aix-a]i a! 1 4_ixd]lj 

. U. UJ^ u' V 1 " Aq J-lll jU 4<JjljJA 
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V CjIj 4_uj£1_x-q 4 , 3 ^ 3-all a aJL^. ^3 

L_njoiJj .(4.23)j (4.22) CliV2jt-<i]l ^ b^j)\ j\\ <illj Jj A u^n'lj 

^ . . 2- •• .. 

(jli t CIjI^LajoJI o^JallLo ^llall 4_i£Aj ~4 -qIc. a^Lall ^gajl 

ScAx*i>N 

4.=Z(e,J,(^-^-,) (4.49) 

£=1 


^Lui-a 


(e i6 ) + «=-(0 16 )-« (4.50) 

i^jLuiLa 4 ^L<ujj Jajoi j$\ 4 ll La£ 

^a Ij^Loia A 25 6 ^ xAi.v^ \\ .i^Jl a a \°i 

:D 16 ciia J j&U (JLitf I fctu) O^-Lxu^JI (J-qLx-G 

A,=iz(e,«) t (^-zL) (4.5i) 

£=1 


(^16^ ^ xAi.v^.ll .i^Jl ^jl La£ ^qWi (4.51) l x>ijl <^i]j ^^*jj 

^jLoill (JjlVlll .lajuj jV^ ^ 1 ^x 21 4_Ll4i]Ij ^j^^)JaLiLo 3^ ^jjb <joiij ^A 

.D 26 3^ Cy* 2iaJ 


<joi£1*_a CljlSa 3^ By ^JUaiLoil ~c-l Wil <jl J SgA**i> C1 l3-g1_x-q ^jja'n 

(JAaj ^ V j c<-qIc' ^UaJI 4_i£)Ij Cjlala^)]! dili 4jq^'l <j-a ^lallill 

^ 3 *-^ J dj^L ^gi tillj j-ic. ^Ic. 


(4.52) 


4 


4i 

42 

0 

4 


4i 

4 2 

1 

50 

«T 

*■* 


= 

4 2 

4 2 

0 

4 

+ 

B n 

B 22 

4 6 

4 

KJ 


0 

0 

4 6 J 

/ly_ 


[b 16 

B 2 6 

4,6 j 


j®? _ 

»v 

* tr= 

.U4I JSG' «_ 


jl_9 l'a\\ W') 1 nl 

-^UaJl O 1 4V 1 


.4-iiLiIa 4-^aix-a] ^ulj 4 6 <a2a 4_iiuii]lj <_£ jjjj ^ ^ ^j-«a \ (_>«2 
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M x ~ 


5 n 

B\ 2 

V 

K 


D n 

A 2 

0 " 



M y 

= 

A2 

B22 

B26 

K 

+ 

D\2 

B>22 

0 

A 

(4.53) 

M *y 


1 

JX> 

Os 

B26 

B ee_ 

1 

3 0 

1 


0 

0 

A* _ 

1 

1 



AjL Ui (jnAg.A clhf^ AjoiSLia o J^ill o^A ^3 ^ Q/n Ia L V^J 

gjl e Us-»\\ j ‘L^Ix^^aII Clllsls^)!! Clilj Ajoi^Ixa A_iiLla]l gjlaj-all (_£ 1 ^iaLiill Ajoi£I_xa 

Aja^jIaaII ^^3 l,Ag A (_£ 1 W'u^jJ V Ail £a .^JjLaII djlsls^ll dslj Aja£Ixa A j'q \k\\ 

.AjiLiall gjUx^al] l, ‘lAg 3 c. Qu«oj Ia^jK (jl V] 6 A j\ ax 11 


AjILualoJ! LjlilijJl lj! J jJatHil 4 m &\ ju * AjjJall gjU.ua It 


j)A ^ jJ^a C y* A-31j*-aliA Clilsls^j Clilj ^)Jal_ii]l Aja£Lxa Aj^ila A *sjqx*o C_alljj 

A_1jajj^>]I CjIaL^jVI CJjUjj l’ n^k t^axJI 1 g.x-oa i Jjj3 AxjJajOAli ^^IIaII A_i£Aj dllSli^l 


^3 J-ajxAij>\t (JUiaII ^^3 Ia£ t A A^-iix-all *\.a11 AjjaaIIj 90 J 0 Ajjl^jj S^LaII 

0^) jl V'iaII Clilajla]! i41''ia'i V »■•** i.li£xj ^)j£l Vl^-o 4 — 4 ^-laxjj • 1 9 4 (J^*xill 

A26 jt A|5 Aj^J-ill gjlaj-all aAA (Jja ^\V'ia‘’i Vj cO A_Jj 90 A_Jj 0 Jlliill LajI^ 

Cj\JU\ t^A ,ji -1 x_j Laj3 .aJUVuJ — c-Ll^ji Ljl^jSj c41*‘i a*‘i 1 g,‘^l 4 D 26 jl D[^ jl 


.x_jc> j 0 j3 C1 l^x^t\ a 



jfiUSj ^lui£U 4 (jjlalalia (j-n&iia ljIj AaIjL Ayifrual JojIjj jj.li jlaLa :19 — 4 


O— J — u 
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Au-ali. ut&iL Cuu AjjLla AjvaLua : 4 ~ 4 JjAaJI 


Clll^LajoJI 

4 _i^ jjll 

SjIaII ^ajl >/r\ 

4 Q ^ Ai\i 

Q 66 

Q22 

Ql 2 

Qn 

t 

0 ° 

f 4 

f 3 

f 2 

Fi 

1 

3 t 

VO 

o 

o 

g 4 

g 3 

g 2 

Gi 

2 

2 t 

'O 

o 

o 

h 4 

h 3 

h 2 

Hi 

3 

2 t 

0 ° 

h 4 

h 3 

h 2 

Hi 

4 

3 t 

0 ° 

g 4 

g 3 

g 2 

Gi 

5 

t 

VO 

o 

o 

f 4 

f 3 

f 2 

Fi 

6 


N x 


> 

^12 

0 

N y 

= 

^12 

^22 

0 

1 

1 


1 

O 

0 

4 *J 



5 „ 

0 

0 

Ac 

+ 

0 

~B n 

0 

K y 


0 

0 

0 

K *y_ 


( 4 . 54 ) 


M x 


Ai 

0 

0 " 

A 


Ai 

A 2 

0 " 

A 

My 

= 

0 

~B n 

0 

£ y 

+ 

A 2 

D 22 

0 

A 



0 

0 

0 

1 

1 


0 

0 

As_ 

l 

«* 


( 4 . 55 ) 


l^jlj Aa 31 ClAA 4 ja£1_xa A ■aJVn.aH A jQ ^AiH A 

D jlj j £AJ « UdfXl.ll AJaLuLJ ^Al 4 j*jUo I^jLj t IgJt-lA^. 4 £IajuA1 AjjL jJQA dllfllij 

Qjd L_3^)jaj B n yikij -pUaji jjsyi D^LjoSk. (JaIxa (jl tdjla2all 


aIjIaIi Ljiiii ijii ljIj jiaUui 4 jo&\*a 

AjjI^j (Jjaj AAjIaII ClAA 4 ja£1jla A jQiAiH A ^jQj.^H c.4\''a'i 

IfrLlL -LajoijVi .1^.1 A A ~^\k>.s-i\\ CLAjjIj^J jjL^a AjjjuSIj + Ct 

A^LuiaII ^Ac, j 6 g_ijL^A 1 ^Ac. — ex, (Jjajj <£IaxjA1 ajjLaa 

ciAA ^Aaliill <joi£L*a <ji±La IAijaj.ii VIAa 20 — 4 cJ^joAI Aij . AiajjjVI ^ AiaaAI 

,a A iVi^k.a ^-Ax^aj £a 1 , VIAa 5-4 (J j-^A^ ^,Ai»,jj .AAjIa 
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(jjjLLs jlaLiUI uSU a (jjloialLa Qjjjjh di|j 4 jAila Jaj| jj (jjJj jlaia :20 ~ 4 j£4i 

AJjLj jlaUlSI A i ti'sl » a djliJa Cluj {ja AjL J a <lauLua :5~ 4 


CiI£IaAI 

s UjV1 

coLai! .^v\ 

4 Q 

Q66 

Q 22 

Ql2 

Qn 

t 

l 

-P^ 

Ul 

o 

f 4 

f 3 

f 2 

Fi 

1 

2t 

+ 30° 

g 4 

g 3 

g 2 

G! 

2 

3t 

0° 

h 4 

h 3 

h 2 

Hi 

3 

3t 

0° 

h 4 

h 3 

h 2 

Hi 

4 

2t 

-30° 

g 4 

g 3 

g 2 

Gi 

5 

t 

+ 45° 

f 4 

f 3 

f 2 

Fi 

6 


djl3la^j]l dilj <j^j£Lx-<i 4 ja±3a]' 4 ^ ^..' w 4-1^^ Cy* 

:^yA <ji]l j ■ Jjl Lwaj' i _j£LqJj ,4£L<lui]Ij o 2 La]I 2_yz 1 ^ djliLii j 4 IjLall 

^3 C1iI£1_aaa]I j oJJaaa]! djlkLdiVI (JALg o. 1 o j 4 _ajB ^Ic- 4 jajJa]! ^Ljlaj_a]l 

.5-4 Jj^J 

dill Ajoi£L*-a 4 jijJa 4^jiua ^_3 ^juJI j ajill d A * ^ /j ^£j 

:4JjIa 


X‘ 


"4i 

42 

o " 

4 


" 0 

0 

*16 ‘ " 

A 



= 

^12 

42 

0 

4 

+ 

0 

0 

*26 

A 

(4.56) 



0 

0 

4*. 

_4_ 


*,6 

*26 

0 

_Av_ 



’ M ’ 


“ 

Jt 



M y 

- 


M »_ 




0 

0 

*16 ' 


4 


0 

0 

*26 


4 

+ 

*16 

*26 

0 


1 

$ 0 

i 



A, A, 


12 


An A 


22 v 

0 A, 


A 

A 

K„ 


(4.57) 
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(j-o B 25 J ^11 La"u J ~gl Wil ^jl^yi 6 g.lj.Ji'> ^^LgIx-g ^j! ^j^aj 

.L^j£L<luj C1)Ijj £_a 4_iLlLi]I 4 -vjeu^\l C‘ )\ AAC. Al A^}j LoJUC- ^kk^iW 


S jiaUla^U! AjjaJalt ^JlLuA! 4-3-4 


ci jUa s^IsLiIaII jjc. jl (unsymmetric) s^ialiiA^iUl AjiJall ^CLu 

gLiJl ^JC. ^jja^’ill AJajail^J ^JaLlill t.. lljC. <jl (j£aj .AjlajaC. A 

A ~\ \k>.s-i gLij Lulajl <_j^ajj .JajuijLM ^-Iajai]l Aiuiillj S^IsIHa ^)JC. AjiLia A (_£Al^yi 

^^)A!i]l C n*\ A^.1 j c_ljl_>. <_ja (jj^-uillil AaA^JI (J^Lk l^uCaJ^xjj S^jJaLiiA A ,j‘4 iJ-a 

4 C<s ^ l-» \\ 4 -v X^»\l 6^)1 A>.^)Aj aJ^JJ^aII 6ALa]I ^gic. J^J^a!! 

aLIaIg 6AA*Ha1I CljLlilall dll A S^JalCLiA^UI A ^jl^x^ill ^}L>-Aj ^llxlui .0 

.^liJ aELg!1g J4C. j AaIc. AjlDIj iAj-ald ^IIaSI AjlDIj c^UaII 

jl t/rsj tk A^LgjaII dlA aLLaia 6AAx11a]I dl^ila!] AaI*JI aIL^JI (J^.1 (jA 

g.i Wii j ajuvuJ ~g.i w ' ii ^Uajjui^u 6g.LuA2fc.SI d^^^lsA ^ Ja»,'l 4Vk J ^k SaLaII 

i c n^k (4.24) ^^IxaIIj 


(Qn)k - (Qii)k - 


1 -vl 


(016 ) k ~ (026 ) k 0 


(4.58) 


(Qn)k=^\ 

1-n 


(066) k ~ 


2(1 + V t ) 


CIlILaIxaI (_)-aLk gl^)^.l J^aaII ^ja ^Jjij] iLilaljJC.1 tk LaAIc. 

jjC- A u>in ^1 AVdlj All JVujiV I j glldVl (J4J o'j^yi All lAA .6g LaaJI 

(j£J) Laj^jj AalidA 6 aLa ^ajl £a ^UaJI aIjLaia dlqjj-il iajuijVl ^Jajuill ^sLiia 
A ->j‘Vi aSUVujiVI j gLid^l Q 4j J J^yi V ,<allLA C1 jI£Lajui (*6^)j^)jCa]lj 

l_u£jj (_^l AjfLJaS! 4_^aixAill ^aAc. 4 ->j Vi Laj]j 4^^_^.11a11 Ai£}\j SaIaII 

j 6 >11 C1 l^,j.«-tsa jj£jj . 6 aLaII ^ajlx^Aj A, x ji.Vlg.il ^ja 

(4.59) 


1 


A n 

A 2 

0 " 

A 


X 

B n 

0 " 

k* 

Xy 

= 

A 2 

A 22 

0 

A 

+ 

B n 

Bn 

0 


£ 

1 


0 

0 

Ae_ 

I 

^ 0 

i 


0 

0 

V 
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(4.60) 


M x ' 


'Bn 

B u 

0 " 

K 


Ai 

A 2 

o " 

K x 

M y 

= 

B n 

Bn 

0 

£ y 

+ 

A 2 

A, 

0 

K y 

M « 


0 

0 

B 6 6. 

fxy_ 


0 

0 

A«_ 

1 

1 


oJ-IxUaII djla^Lall dili S^laljJA^^Ul A j'q \h\\ ^jUu^II ^jl ^jldj <_j£ajj 

B 22 * ^22 O^J ‘(4.60)j (4.59) (jiililx-all J c — ^ a ti\\"iA‘i A_x-al_k 

V A_jl ^ ~)x,j liA . ^Ijoll ^1 C. A_aii^-A Dj] j B]_]_ ( ^11 Cj^ 0 D 2 2 j 


(j a li^J (JjLoiaII (J^3 — c-l.W ‘il jlj£U iji^. ^ V J t aJIJVuJ — (_j-sa3 

.^UaII ^ILI-aIa (." ll qJ-ill £_a JUJI Ia£ ^-^jlsj-sall iJjJalill 


jl 4 Aa 1 _C ^UaII Ajj^Ij oJ^xIaII dAajIall Clili 0 ^JaLiiA^^Ul A j'q \k\\ (iW'iA i 

<_ja UjjjI ^}cj oj5 Cl^L^a^A ^-^.LIaII aJjLaIa ^)JC o^AxIIaII ClAiilall dll j 


^iill o^Li£jau]l (Jj\vi (j ^fL iljA .s^AlJa o^Lai^JI dL^lx-A J£a .(4.23)j (4.22) 
oJixliA t,‘* il q;3-i c^W'ia'i d^j£jiu]l ^ja a_jjx,j.^ J&\ c jj2alij]l tilt Jja ti\'"iAl 

,A_k-aLk ^UaII Ajj^Ij oJixAA tdliila j! ^^.IIaII A_LLa 1 a 


AjuUill AdLJall ^Laaiual! uAjjbu 5 - 3*4 

<jL Ui < -\)k>.s*\\ ^.lij .laid A Ac.ljx.ro' ^l^jj UJ*^ 4-°^ Asj^la V j' 

Ai jIaII 4 ^^UaH a£Lua Adi AjqjJ-i'i tdj^}XJ ^aJj 4 ijixj . idalill £j\jj ^jpA JJ 

. A_li^JI ^ 

.Uuanlt £jUj jx4 jj 

Si^)ilAll A-tlall CIjI^Lajoi (JIaxIIujIj A_ii2a A ^k jqx«o L Qjx^ojJ AjL^Ja <j^£j (jl (j^AJ 

JU^VI (stacking-sequence) . \u >»nB ^jIjjj A-udjll SiLJI a^U dl^jjj 

|S > S 

S^j^jA j aJoJjaj Aij^)laj A-ol^Jl CIl^LgIjlaII (Jj-oj 4-la^JI ttiilj ^a j .LaLaj At*inU 

^jLolIa) A aJV\^a 1I A_ii2all ^cjI $t.s-x\ 1 (j- 0 .A-illllll ^jIjlj CliL^llaj-aA ^I.W'u^jIj 

Ai! • [0 O /90°/45°] L&-° J Cljlajiall (Jj^- i(cljla2all CjI£Lauj 

^jlax-all ^ja iiC- £.lij J^aaII QjH .Ajjajj^) 11 SiLtl djl_AL^jl t.” ll g.J-^ Jj C-lJ^cj J-a<ia 

A aJoV^a!' a jq ^ 3-all ^jLaj-all aJU. .[90 /0 /45 ] cdAa±la]l (_^uaj ^al ■ W'u^jIj a jq j 3-all 

C^jLalll ^jjA^Jjll djlajlall djl^lAjol C . ^>J ^A^IajoiII I^yil j djl_a2all C^tA*! V) 
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J-' O- ‘1 -[0° @t 1 90° @2t 1 45° @3/4 j [0,° /90°, I A5\ t ] JS- 

Jjj-oj Jauijl (jjfL [0790 O /4574570790 O ] AjAjJaSI JLa SjtlHaSI 4 

CRISIS J Sj* II) .[ 0790745 °], jl [ 0790745 °]^ J [ 0790745 °]^ 

b^^XAA djliila I^A 33C. S^Luj^U As^)! ^l.lVu J ^aJJ AiC- 

^ ^ iCAi\i jii a Uuts ajj£i lii . [ 0 ;/ 9 o;] =[ 07070790790 °] J 5 - 


(J ILa £. jtilll jl j Sj 22 c. 0 jl 2i5U (_j kxu 4 ia. v i £. a CA xjIjjII o2 A 

2 U»J _* AiL Ci^i 111 .[ 0790745 I 2 =[ 079074570790745 °] 

(J5 2 j 2 aj lij t! jjii . [o°/ 90 °J s . =[ 0 °/ 90 °/ 0 °] 1 jAa IgjjS Jai. £* 2 ajJ i-L -uijVl ^iajaJI 

jlj£j ^g3 j»2c.j jliil llic. (JLa. £jl2 

(J-lSil Ju.wMl J] S^jLal^U T ^ \kxti\\ <il^yUI ^a, w"u*)j i^JjjLull tj?\ £A ^LaLoLi]I djlxjljdll 

J j jtllill ^ V Ail [ 079070 0 - 4570790 ] T Ju *Shi! ^ISB j 

^3 La ^ ac. ^a. W" u*)-q 4_jl La£ tL_Al£JI I^A ^ajj La ^3 11 a 


.<j£^)a]I ^_n]l 4 juJ_jL*-° 


^aIIaII AJuLaIa 4_ui AjSJalt gjU^alt 


AjiLdall ^cjUx^i]| l_Lx-£ 3^] (quasi-isotropic) <LLI_a 1 a a-i>i ^a, w'u^j 

^UaII (extensional stiffnesses) ^liLaia yikio^ CjULu^ c£Lal*A ^11 
^jl j . (4 4 CjIaU^VI 1 C5^) 

A 6 £.Lui^. CIl^LaLla n*\ SjLa A jj^oLk (JIaj (JjLua ^uxj 

."La Alj^)laJ jl La ^ix-aj" ^ Wi 4_iia) <jl Ljajl 3^*\V . l.g*Ujj.ViA j S^LaII ^j-ajL-a^-J 

oL^jl ^3 ^lla ^Laj ^Jaj l^-jl ^_^L1 a]! AljLaLa <Jjoi A_ja±)a 4 ‘i»,*i ^jl 

ix-a ^3^*1 oIa .CjIaL^jVI ^Ja-s IJ*3 <£l_Ala c** Uaj' 1 g \^\ cLa 

jOxaa djlAl^lal ^3 ^JUailujV^ Sc-Lua^. O^LaLla ^jLaIa L^jl ^IjaII <LLLa!a A. Jjoi A-ilila 

! (jj 4 ""kjL.ro 11 

l — v 

All=A 22 Ai 2 =vAn A 66 =—^—A u Ai6=A26=0 (4.61) 
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j Qy ^3 JLJ jA aJ^^-q Ajj-aLk S^jLoi^U ^jlxJ! Ja^Jl W'u^jJ *>“ n*\ 

(J^.1 i^ya Jaa3 A_3^)x^i]l A j' 1 ^ 3-all A^-iix-ail ^PoiSSOf")^ ^j^jujl J-} Ajjoij V (Jaajj Qy 
Aj^LolIa j SaL^II t^y&j i^jja CA ^x, u~\ C C^l] j ^Jl AiljJaj . A.11 3 ^"u*jV 1 ^ajl 

i4\" , i-a'i ^li]l A_^-iix-a]l ^A t^liall ^^LclLq A_iioi A j^iJ-all A_^_iix-ai] ^3^ .A^LajoJl 

(JllLo iajuijl (J'\a\\j . jIiuaaII dllAL^jl ^^3 ^jLuilo f.\, Wil og.l,j>Ai^k C1 l)LqL*-q 

— ] (JlAijla CIlAj ^Ac. ^ jfWi A ^3 ^LaII aJjLaLg Ajjoi A_ii±La A_^_iix-a 

0°/ - ] CjlifLa £Jjl (j-* Ajq^ A_^-iix^a (JliLa jA ^jlfiSI JUIaIIj .[60°/0°/60° 

j tc/3 3 *^ ^.w'u^j c % 21-4 ^ AjiflaSI ^jUo^ill oaa JIqj • [45°/45°/90° 

Jc. 45° j 60° yA djlifkll ^ ajj! jll j! (1) (jc. tc/4 j tc/3 c-Ia^VI ^Ajjj • ^/4 
.a^aII a! a . jB f Ua3 ^ yJjAll Jc. tc/4 j tc/3 ^a 45° j 60° (2) j J! jsB 

A0= 180 / N yj^fLa cJ^ Ajjl^ll y}-a3ljjj t AAc- Sa\j3 

Djj j By (jls 4C1 jIaIAjV 1 j<a> ^3 aJjLaLq ^ij J • *-' > A AAc. N (J!iaj <■■** n-s 

AAu A-iiLia A_^aix-a i4lA*i yjl 4 a$J . A j<i J-ill A_^_iAall AjjIa^M A_i^. Jl j y^aTi 

LoAic- s^jjxIia g.1, Wil aj! v'udI Ix^ijl j aJUvhJ ~»l Wii yjl^)3j aJjLaIq 

. jiAiaII A j>3-a\l A_^_iAa]l 




[+60°/0' > A-6tr] = 5 


[-457(>7+45 <, »0'’] e J 


^Uiil A^LaIa 4jJi dJajsMj AjjLJa ^eJlL^l iaJjj qjJj jiaia :21 — 4 JiuJ! 
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Aj jl jlaJI A-LLJall 

£jLalll ^jx aII (jla ib AWa Clluulj ^jalilLi "Ajj! jja" A aK (jl (jA i^ C ' 

(_]£ lg_i 3 (^lill ^ a ^\ki.s-x\\ jA (balanced laminates^ Ajjl j!1a AjLia a 

Jj a ud'iIIj <90° j 0 AjjI^II ^jjc. t0 Lljj a^LajJI AjjLolLq ciAala^)3l 
. — 0 j +0 Sa^iiAll i** jjU^jj (jl SjjjjJalLj (jjJ j .±0 ^1 jjVI (_^i JaSa a jx.-n^aII 

^Jajoill AjjuuILj S^JaliiA (j^£j (jl ^ x, nj AjjljiiAll A (jl l.x^ijl )a*\V 

(J£ (J^l (jA — 0 (jliala^j +0 (jljala_j a^.1 Jju (jl c > Ajj <»** n ^ \ a j‘4j>J-a\l a Jajuj jVI 

— (_j-a3 (jl^al V <-’* ) Ajjl j!±a A A ^jqx^il cil^Laill Clil jjAA . ±0 ^ jj 

. (Jj 3 ~»lw1 j)l ja) a^. tdllj ^.a j . aJUVuJ ~»l w ' il (jljaj Vj t aJIJVuJ 


A La 4 It AjSJall ^jliuaJI 

^h^I jl (j^-oll^ o -0 (hybrid laminates^ a j>g.ll a,j‘ 4 j 3 -?ll ^jlaj-all jm'i 
^joj^ jjjj — cinal^e ciAalaj ^.w'u/i cJUIaII cJ^f^ »^.)’\^ A_^_iix-a j^Anl j jaII <jA 

(J ^.1 (j-o (J^iA — Jj — ^ll^. a_ac.Ij a_iL Ail jal — ®49 ~ sl^ll Cjlala j ^a 

^ (jj^aljJA ^-u^^JjjUl laJjl j (jjfL (jl *». ^>J AjI Jaa.V .767 J 757 AJujJ Cljl^)jUa 

A q\"i~\.A l <a\j\l A a)Vi 1 lullc. ^ jAj tllA j)A . Ajqjhj A A (jj'qVil Aj^jl^aJI A^Jlx-oll 

a q\‘*v^ aII a aI-V^I j)A 'jj^ll ^Ia^jjoiI (j^Aj V (JjIaaIIj (j£J t A II A Jail ^jlaj^all ^^a 
L <a\. }11 j)A dilailaJ A_Lala_A ^Jjl ~ Clnal^xJI j}A A_iiL]a Aa_iix-al (JLia^j . Aij^^All 

Aj^iix-all aj\A (jl Ja^-V . |^0^ /+ 45^ / 90^ (3^J (j^^ _ 

^a ^ cijla l^Jl ^_a idjlala^ll (jV (_j-^.L 1 a 1 I aJjLaIa a_iA c* u*nl a j‘ 4 j> 3 ->\! 

. al ^ aII j}A A q\*^A A aI^'i! (jA (j^£lij Lg_jl V] 47 l /4 A Aa-iix-a 


A, u/a illj CjUa^La 6 * 3*4 


A^jl laj aJU-i"u^I J g .1 W iVI (jdJ Lil jal AajJall fiJ^}iiAl! A j'q^J-all ^jlaj^all J^a'i V 

(j£J ;A_ii±la ^jlaj-a (.** UjjjI Clijlj£julill o^A (Jja (jjj JajoijVI ^Jaxoll jA ^x_^.^)a 1I ^Jajaill 

. 1a\I Aiiiall a^Lut^. djjlAlx-A (jl C > v^kj Aj^ilall A^iij^all O^Laia. ClijlAlxA 

oJaxIiA A_iiilall ^-jl^J^all . (jl ^V! I^A (Jja 11^. tilliA t^kl ^jl^.^)a ^Jajai (_^l 
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djl j^AAj (jl^Vl ^ 3 VujjV 1 j g.1 WiVl Ijl^sj Lq^ac. djLa±la]l 

A-lxjjdi^Jl d_ll jdAAi] ^c_Ad dild £a dlljA .AdLlall ^jLlx^a]! ddLaJ Aj^aLk d_ll jdAAj Ajxjj.ViA 
odA Ajc^.1^a ^aJ d9j . A-11 JaHxiVl j g.1 WiVl (jdJ (jl^)9l lg_i9 V d oJLaIIj A_x-al_^Jl j 

^-9 (jAj .(_£^)^.l A_x-al_k dj^L^. <9l_iJaVlj co^all odA ^9 A_x*al_^Jl dj^l^-ll 

a^. ja^a (jA Ja^.V . 1 ^jj£V 1 A j'^Jall ^jLaj-ali ^jjdaj (J^.1 £y* l.di^. A_x-al_^Jl djV^Jl cJ^ 

t^lloll ^J^lj jl (JjIaja (jl£ C>1 (j^A^l djlijlii^)]! (jl A_x*al_^Jl dj^l-Skil 

jl (_j-a9lljj jl dld^J (jl (j^AJj .A A_^_iix-all ^9 Uajq ^ a o^j^jJallj (JaaI ^£cJ1 

^l"iVi V D j B ;A Aj^\li]l o^Lai^Jl djlij^x^A djl^)JaljJ (jl idild *0 . jA Ia£ 

. 1 g j xxil Vi (j^AJ V A jxxa.ViA (JaI^C. Sg.1 kny\\ djjjl xxi*\ ^9 (J^.djj . Ig xxid ^A j)_j^j (jl 

djllniaj dlliA (jV A-11 JtTujjVI j g.1 WiVl (jjj jjl^9^U ^^.ujLjjVI ^ajg ^a!1 Q 1 l. l^j 
(jl^Vl IdA jnx.jj .Ijj^) 1£ (jl^Vl JIaAI (jjfLa (jl (j^AJ d n*\ A_^ja11 ^I^aII SddxJA 

Card (jjj dil j .Ijj^^a sI^Sa!! ^Ijillj ^dlix-ai] x.^1 1 ^JjWill C^.1 (jA ^-V^aII 

c1j_j^^-a A \a*^a Aj^jjld A-jjl jJaxxil Ajl9j9 A_n j A-iljla ^ajlc-d d_lx_daj Idj Ail J0P16S j 

.Ajtd^dll ^Ikldll ^JajuJl ^ic- ^ajlc-dll (_^>Aaj £_daj diC- Alixu9 l Q* ksi (j ^Lxdyi (Ja^. (jli 
^llui tAdJ^jiall (jjiiijj .A_3t9jdllj ^ajlc-dll (jjj aJU-iuJ ~»1.W ‘ll (jl^flVl (JaL^J (jjLoill ^^9 ^aJ 

. A_1£joi1ia11 ^jldj-sa]! ^^9 (_^^ji-All djld (_JaaL^J1 (Jj-aall ^^9 

3 .4 JjLulaJ! As, j Ay a 

(jA ajjLaa (j_9^ By aJ13-»'uxi 1 ~g.l Wil (jl^Vl ftg.lxxi'N dj^LoljtA (jl j)A^j 1.3.4 
AjjouIIj A .xjj.Vig 11 J oJIaII (_j^ajl t/T\ t.** n^. j)A S^JalViAll A j^O-ill ^jLlx^all (J^l 

. ± .- jV 1 ^Jajuill 

Jj AajouIIj ”Ct j +0t (j^Ljl^ll (j^.^dn Aajoujj odLo ^Ldjl djld (jjj9laj 2.3.4 

I^UaII A-iD\j dl ^a (J^l j)A Ajl d i nl . A \x >^>a ^jjL^-aII 

(fii«) +or ~(QJ- a 


.^llall ^JJC- ^ya 4_^JL-£a fiJA dljl£ l^j 1 _aj3 

±(X dllalij Cjlj iAjiiL Aa-iL-a dulS Ijj La ^ i"n'\\ t ^)i.l j; 
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• V ^ Aja^Ixa (LiudiA o^Jaln^ll j ^^.IIa]! aJjLaIa djUilij^)]l ^uaj (jA 

• 7.2 ©^^11 ^3 ©LiaxA ^UaII aJjLaia ^JC- (JjjVill CLl^ a\ju& 

aJjLaIa <juaj1 v'iaII 3^a1I A jLi ^liJI ^JjLaIa ajjoi ^ jq \h\\ dlLd V 3.3.4 

4_ii±la a V I 11a] .l$£ jL, t Ai£ <. j tV 111 a] .^UaII 

A_Jjoi A_iiLia A_^_i3j-a ^^LaIa A^Iaauj [0790°] .\u^Vi 1 £jIjj^ ^jjI^Ib^) j)A 

dijl£ l,Ag a aIUVu^VI ©^La*. djjLoLxA d±jl£ llj Ia V^-^LiaII aJjLaIa 

w'u J i ^-aaV'^ . Cjlalaj ojll jl ^jjjalsj 3^1-^ (^ dill j ^..7^ A_^_iix-£a]l jjL^a 

.(2.93) a_]jI*a]I ^3 o^jjiiiA^Ul 

aAjIa djlsla^ dill ^)ialli]l Aau^Ixa A_iiLla A_^_ iix-a (J^l o-° 4 B 26 J Bl6 u 4.3.4 


Jl JjI JJ 111 ^)ijAall <jA ^jl_j^)j5j cS^LaII (_yx aj j)A ^jLa±A d )\ 3 3*1 <£IajuJJ 


Aj'^J-il' A,*\jqx**i\l AjKH 4£Iaja]I CIuIj 111 j ;(a^Iaja]I ^jLaIa) d \\ q j3*i\l ^ j^^aII 
a_iK1I a£IajJ1 jjjp d \ ca£IajJI ^jLaIa d il q^]*i ciiajjJal 111 111 a .AjjII 


3^1 B 26 J Bj6 ^jjla5jIxa 5I (Develop) £a«j t Qnll-t 11 til£ ^3 ?A_iiLla]l A_^_iijAall 

. dlAJj^.1 Jj.W*ll AJIaXJjaI j IAjaJu Ia^JIaXJjoiI j 1 Ag Ij.Wi i 1 Ag'dJ j2 dV^Aj 

Aja£L*-a a a JWi a I I AdLkll ^j U x ^i' 1 J^.1 (jA Ai6 = A26~ D i ( } — D26~0 <jl (jjj 5.3.4 

.©jIaII j)A A£IajJ1 ^^LaIa A £ \ks~x \ d ' U*\ ^)laLll]l 

cijVl*ijVl j CjIa jSjJI <Nx ©a^.j o^ail a_aL*J1 ©^jLa*JI jjA 6.3.4 

djlj A A_^_iijAa (3^1 <jA N x J Aa-ssL^JI ©7-J*]l JajoijVl ^JaAdll 

J Qjj aI^A^ ciijjljc. ^jj£j (jl L_l2kJ .[0790°] A£Laja]I ^^jIaxlIa jjii ifLa 

djl jjAA Ia Va A ^xjqx^ill ©AA (Jja ^ajaj I^La .t Aj'q^ll A ^kj^x^ill A^Lauj 

(J*Aj liLo (_^l tN x 1 IaAIc. A_ii±la]l A_^_iijAa]l ©Ia o^)g Ai (_^^l (JlxijVI 

?Aj'q ^iJ-all A.^jqx^ill ©^A 


•M x (_>a j* Jl ©d2kj ^ ^jxll J^l (jA 6.3.4 aJLaaII ^.1 j^.1 jj£ 7.3.4 

40 % d \ )*\ t sLillj ©I^Ia A^IajaII Aj^LaIa djlslB^ j)A A_il±la A^-iix-a t alljj 8.3.4 

Jj aujouIIj +45° ajj! j (j3j 30 % j x ©L^jVI (3^ j ©LajVI aj^I-^. 1 djlSlS^ll ^ 


3AC. jA Ia ,x ©L^jVI Jj A , n*i‘3\j — 45° A-Jjlj 30 % (^^J X ©IajVI 
^diL^dl ^jjUl djLajl^l l-o ?LaIaj ©LIoxaII L_jjAi]l 3.}'^ ""7 ^j*^V I djl_a±L^I 

djlajall 3AC> ^A Ia 1 *^aa dill (j^ H] A-SU^**uxiVl j L_fll^)^jVI (j^ 
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cil^Luj Ijj^)£Lg ^LaJI Ajj^Lj A jQ ^3-ali A o^A ^aj^Ul 

jJl ^£> Ijj^Lg ^UaII A_i£)\j Clbaull jl ^-^.11^11 Ajj^Ij ©J^ii-G A_a±La 

. 4 ^ Q ^ L -> \ \ 4 -n. jQ i \ \ v V ^ ^lljj 4 \1 -v ^4 AW . 


‘LuiUa]) JjlLa Ajjlaill Ajlilall 4_^_iiua]l S^Lui^ 4*4 

^^ic. jI^'ic-VIj A A^»iix-a] o^Lud^Jl C1 i!}LgI_x-gj AiLLuill ^3 

ttillj £-gj • A-j.\)VqMl ^_iix-aLil! Aj^)iaj £-g ^\,y x*nV I jj A3l3^]l ©©.Lui^. C1 l)LgI_x-g l_u£^jj 

Aj^jILq ^^3 ©AA C-S.1A <_j-g£j . (jlA^il Ic-jjJa^-G C^LgIxJI c*\\M 

AjQ ^ A^iL^] A_ujILo!! ©g.1 myW C1)XoI*_gj A_iLlLi 4 -v ^.-^1 4 ij.i^-flll ©©.Loi^JI CIl^LgLx-g 

cAjL 14! ^jUx^all <j-G ^cjllij ^_pa^)C. ^'nx*jj . Aj.^jlfill Aj^laj A_i^.^Lx-a -lj. wM 

.aJjUII ClllslS^}]! Cljli A_ii±Lall j ‘LJL-oIa]! CjIsIs^)!! dilj a y^U\l ^jlax-ali 


5f LutaJI ljV^Ix-a 1.4.4 


ilJ^i'n cA-ujLLgII D£.Lui2kJ! CIi^LgIjlaj Ajjxxw^H ©©.LaoJI C1 l>LgIx-g Aj^jLLg (Jj3 

^ J j*Jl J A_L-a^-G ©jlc- ^Jaxj .A_ii±la A ~\ \kt.^i og.1 xxw Cj^LgIx-cI ©^^.^g ^IuiSj ©^IcJ 


* c3^-J ^xxi jVl ^Jajoill AjlkuxiVl Cj^lxijl AJ V 


TV 

[A 

B 1 

£■” 

= 

— + — 


M 


£>J 

/C 


(4.62) 


(jj ^1 4<^jlj]l dAlj4j^ (_>Aajj L " ^ j^~v \1 J^laj 4 C_J j )L^1i1I ^ ^3 

CjIjLjC. jli d-l^J .<xjtlll Cjljjiiall (J£a 2 tj-4^ tt-'V j^'l l " i. i'j tCALxij^ 



1 ^3 (4.62) <S^Ijla]I l_> jiL, (jliiLuil ^9 i A j2 1 a jA-A 2!1 a1li 

N-As°+B/c (4.63) 


M = + Dk 


(4.64) 
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: £ (Ja.1 (_j-a (4.63) ‘UjIscaII (Ja.j 

£° — A^N — A^B/c (4.65) 

(4. 64) *»“ n*\ 

M = BA l N + (-BA l B + D)/c (4.66) 

: JU1I J£AS Jc. (4.66) j (4.65) ^ u^jj 


£° j *5 TV 

mJ [_ BA 1 ! D-ATVbJL*:, 

(4.67) 


: J 

f° = A*N-B*k 

(4.68) 

M = H*N + D* k 

(4.69) 


• k J^l Cy* (4.69) ijl\j • H V B < " 

k = D* x M-D* { H*N (4.70) 


'Jc- <-U 11 (4.68) aJjIxaJI (_ji (J.\ruJ j 
= B* D*- 1 M + (A* -B*D* 1 H*)N (4.71) 


B*D* l H* 

B*D* 1 

TV 

D* l H* 

! d*- 1 

M 


:l j^Aj 

(4.72) 
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(4.73) 




1 

oq 

i 

~N~ 

K 


! Q 1 

k 
1 

M 


D j B j A B l$ j ^ cjl (_j^aj *>“ ^ 

jLjoj ^j\ u^i 4 ^StUL . 7) ^ B ^ A ^ D B ^ A <. aj^)l_*j^ 

(j^fLa <jl c > 1^.J 4.“ n*vj a^)iaL±iA (4 *62) aJjIxaII O^aIaa!! aAjLi^a (^B*^ J ^ 

^Ac. (jlA^)21 jnxj . Ix^ijl ^JaLila 4(4.73) A_].}I-xa]I ^9 C1j!]AaIaa]I ‘kkjjht.s-xA 

djljVq \ ^ja IaIaj llsl^A A_ujULa]I £a J^jj ^ ^ J ^ ^ <x3jOa 11 ^jall ^jl 


. D j B j A (3^ Cy° ^ 


A ^liLlt AjJI ^ 1^1 Cjlilijlt lj! J AjLJalt ^cJlL^ll Sflu^ £S%*\jla 2.4.4 

0 1a (cross-ply laminate) cASISjII dJl a v^ 'I A^ix^JI L_alhj 

djlALdA (j^£j 4 “ a^Lall (_jaj al^Lo (^IaaII Ajj^Ij) AiLia N <_ja s^aall 

aJjIj^VI a'I Jj A, udllj 90 j 0 AjjI^I (3^J Aj**mjll S^IaII 

X aL^j^U Hal ja a J^)£LaII dill ClAajJal! ^3 L_fil_i]VI aLdA (j^fL . A jQ \h\\ A_^jix-al] 

A_^aix-all y aL^jVI A^- jJ^aB ^»l3^)VI dill dj\,<a j>3-a\\ ^^9 -idlj j . A Aj^jL-al] 

4A£IajuAI AjjLoUa aJ^aAli a19jiVI dill c.** il a j Jail 4 “ n*\ Aj-aldJI aJL^JI ^) m 'i . A j<4j>3-a\\ 

dal A^Lajoi a^j^jdallj (_j^ 4 A^LajuAI ^J^LdiA A^jJ^aB djUbJall Ia£ 

^Aj A q j> J-a ^ja 4_al_AVI dA.gj-^ jj ^)du A_i*«ald dilAIaLiA Lida^)3 Idl .dJ^aII 

dill AjLiiall ^jLlx-all i^ja A_x-ald. A_iC.^)3 Aj 3 4_fij^xlA dill j 4 dAa j Jail CIjI^Iajuj (J j 4^^kl 
Cljlj A ^cjUx^iIIj A ja ^J-aB aAA ^ajaj . A^Lx-oIaII ClAiilij^)]! 

ajaill a^A ^ l^iLi£iujl j ("special" cross-ply laminates) "a-^UJI" aJL^iJI 

a AA cJiaj A_ia^aC- A_ijl x^i* iaB Cljl3l3^)]l CIjII A_iiLia]l £\a\) V J .A_iC*^ji]l 

^jlax-a L-fij-saj (j^AJ 4 Jlloll (Jjnxu ^ic. j . djUli^ll CjI£Ia^ j L aljlVl aL^ji ^ic- -laj^jaill 
[0° @t/90° @2t/90° @2t/0° @t] ^^»aj AJU-ala CRISIS j CjII (<aI^) ajIlL 

.l^jjiaj A_^.jJ^a 1 I jl a J^A aI! djla^jall CIsI^Iajuj qj^ V Ia£ 4L_al2VI aLijl c_j ijLiIj V 

dill a^)JaljJA A_dila A_^_ id-sa A A_^_iix-all alA 4 tii]l (^J 

• A_ilLx-a_iA 
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^LijujLuj! 4A_x-aL^JI <^L-£3!1 a]I CliliilB^ll CIiIa A jq A ^jqx«aH tJ^.1 (j-o 

A^LaxjJI ^Jj oA^a!! i** \\ AjK' 1 ^U! <jjoij cM j 4 Cjjlq^3-i\\ A Axil cN I^jLqIa 

I Li& (_ja . ^A-ill x ^*1*^11 djLajiali AjjuU A_^^A^a 11 (JliLajJail A j\^ll 



k=even 


(4.74) 


^-^11 ^_)A Ajx^Vn £_jIjj i** \\ ^ jxia ^ ^_ja AjiLia A^iix-a Cli^^Jal IaJ 4(JIaa£ j 


:oj^ «[o;/90° ( /o;/90° t /o;] 


t + 1 + 1 3 

M = 

2/ ■ 2/ 4 


(4.75) 


^iLojj LaAiC' Jais 3 .k ^ ^ \xa\ ^,"u')) c M 4 a_a]1 x^aII cIjIaiLiII a-u^a <jl 

AaIjja (J^jLaII (JUIaII A J^x^jIIaII A 3 jjali Clljl^ IaI . 90 J 0 Aj^IHa C1jL^_1^.j1ij ClAA±Ia]l 
( ^ jLujj M ^jl l.A^ ia a£Iaj>^j 0 ajjI^} c 3^^5 of^ 3 Cy* 

i^yx iij SA^iAll i“ '1 ^!1 ajj V Ia£ 41_jjIi1a \ ^ j-n. j3 ciAa±]a]l ^ ^ V 4 ajIi^. 4^j£J .Ia^.1j 
A-Ia^aC- A-ill x^'iaI' dllalij^)]l dll A A_ALi]a]l ^jl^x^all 4_daj <_j£aj O -0 .A^LoxaH 

. M 4 ‘L^Lx-aiLa]! djLsj^ll A_lxxlj . w'u A \ 


:aJL U 2L ^x^-all Of. 1 C1l>IaIaa 


A 


v 


Z<e,)»< z .- z .-.) 


k=l 


5 ,=IZ<e # )»( z » 2 - z * 2 -,) 

^ /t=i 

s *=iE(a2.( z *- z . ! -.) 

3 k = 1 


(4.76) 


jl cA^LaII 4.** il q^JaH AAC- CIiIa A j’q^H ^-jl^x-a]! (j-° N J N1 aJ' V Aj 1 g 'iC. ^nxMl <_j^aj 

•p Aiilij^l] Ajjajj^}!! o^Lai^Jl C1 l>IaIxa A_iuA ^AVuxij 4<A1 ]a AiLjaj .a^. j^)a ]1 
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p _ Qll _ ^2_ 

Qn E x 


(4.77) 


c!j^LqL*-q [6-4] Tsai (j# *Ej/E 2 4_j c 1 l)LgI_x_a 4_±uij F cJ-^ c 

. A jQ ^ 3-all A <^Laxjj t t -' > A jQ A-iltlll Sc-Lua^JI 

: ^o^)ial n^llj N ^a*J 1 j <x-£al^Jl ciAiilij^)]! dilj 4 ^jLix-all 

A ll =-A—(M + F )Q n t 
1 + M 


^12 — 012^ 


a 1 ,.. , „ 1 + MF 

A, = :(1 + MF)Q n t = A, 


1 + M 


M + F 


(4.78) 


^16 “ ^26 — 0 


^66 Q(A 


BiJ =0 


= [(F-l)P + l]g,/ = [ (F _ 1)P + 1 ]i±jg_V 
11 12 L 1 M + F 12 


(4.79) 

(4.80) 


E 16 ~ E 26 ~ 0 


7-) _ Q^t 

U 66 ~ ' 


12 


1 M(N - 3)[M(N - 1) + 2(N + 1)] 

(i+m) 3+ (7V 2 -1)(1+M) 3 


(4.81) 
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<juj£Lx-<s) ^ N AJ*II A^al^Jl A_iSl ■ ^lL41 djl3l3^)ll dll j 4 jiLlall ^ jl Q> ^all 


A 


11 — 


1 

1 + M 


( M + F)Q n t 


A\2 Qu^ 


^22 — ' 


1 

1 + M 


(1 + MF)Qnt = 


1 + MF 
M + F 


(4.82) 


^16 ^26 ^ 

^66 = Q(>A 


M(F-l) f2 _ M(F-l) A t 
N(\ + Mf^ n N(l + M)(M + F ) 11 


^22 ~ A 1 


(4.83) 


-®12 — ^16 — ^26 ~ ^66 _ ^ 


[(F-l)^l] gl / =[ ]i± M i 

11 12 L V + F 12 


D 


12 


a/ 

12 


D 


22 


12 


[d-F)« + F] 


1 + M A u r 
M + F 12 


(4.84) 


D 


16 


D 


26 


0 


D 


66 


ft/ 

12 
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( 4 . 85 ) 


1 8 M(M- 1 ) 

1 + M N 2 (\ + M) 3 


Au]Lual«jl ClililijJI till j AjAaLSI ^JlLuall Jja. tliUa^^Ls 


q a <21 djlala^)]! d_llj AjqiJ-all ^jlax^all aa-l-ui^. dj3LaLx_-a CllilaC-l 

Aj^jiall (J^.1 (j-o j (4.80) ^ (4.78) d_iV jLjcaIIj a^JalTi.a'l A 

(jiial.Vu^j .(4*84) (4*82) djV«3jL-al\j <jai£lx-<i 

.»l,WiVl j akuJ — »1 Wil Jljayi c aJU^uaiVI aa-\,*^> d_L>LalA-a A_iltl]l 


a_^. , jj^a <j-£al_^JI d33 a 3-all qx^li ^j-Q (j£ 

^ja ^C- j)\\ ^ic-) d tN ^jc. A Wun^a Ay A_ll ^VuaiVI a^lxusk d_i 3 Lalx-a (jj^ 

A A jKll A^Laj .31 ^ > _ 5 Ac. (jl (j^aj a J^)ii«a A£lii_j N dA^Lxujj (jl 

22-4 jg.hj La£j .((4.82) j (4.78) l na^ N I^£aj 4 


aa-Lui^. A_ixaj cF j j c A -31 j.^\a\\ C iIq^'I A_ijaij cM j (jUW'n A22 J An <jli c 23 - 4 j 

(j-a Aj j _jja.*n 111 <F=0.3 tA_i^.L^.^ ^ A-i^jj- 0 ^ Aiilii_j .A^Uj^ll 


(j-a A 22 *10 J) 1 (j-* M jj*jj La^ic. .0.93Qnt Jj .0.65Qnt 


M ^jC- A3i!iiaia A 66 j Aj 2 SgA**i>N llllaLx-a <j^£j .M (^da (_^uaj ^ic. .0«38A|j An 
^j-a A 25 j A 16 nail as.lx*oJI l.“i\al xa j . F j 

. A_JL-£aia]i CRISIS jll dll 3 AjiLlaSI 


£-a AjlLt^aiLall dllsla^ll djlj A jjiJall (j-a l.g.K ^jLaij By <jl LaJ 

djli3a £-a AdlLt^aiLaH djl£Ui^)]l djlj Ajl2a]l ^jla^-all <_£ _^l*j lilllaJ ^9 cJ^)ia dililla JlJlC. 
~fil,K'il aa-LoiaJl ^LaUt-a 24“ 4 . ^Jliadjail ~g.l W*ll 

a^)_^a ^3 N djl^jJall ij .M t. <j]L-a!La]l diia2a]l aJV^j B 22 J Bn AJllaJj-ul 

A-aj3 ^ ^.aSLijj *24-4 ^9 (y ^jj)^k^) (Jajaull) )j^uSLM 

Cluakj . All jIj AjII x^aila dal i±la Adxjjj (3^^ (j -a IjjIj (j_^J ^4^11 ciU j j t N JIjI ^ju LaAlc. B n 
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^ N — 2 (j |-3 l£^ ls^" <-) l^. jp> N (j_^j (jl *». i>j 

^)jjLiLo Ajl ^3 Bjj AJUaJjojI ~cA W j| Sg.Lm^ (^jLa^-iill _JjJ**iflull (j-^J . Ail^-a'u^Vi j 


.A_ii2a]l <^iix-£il] Jaj-ujVi ^Jaj-ull ^11 AujouIIj AjL^-aII £3 _^a! 


Aj^aix-ial] Aj.lfvl' A^LajoJI A_boij 24 — 4 (J^-uill ^ <J!iaJ c A 

4 B n (Jj-o .iaj-u jVi ^-lajaill <jc. AjUiA.11 ^)j^a 11 l^_i3 ^l^jj ^Il]| i~T i AjQ Uall 

. ClA.Q ±hl\ UaAjc. ^x xsi\ AjL^-aII ^)_^_a 1 I ^Lj^jl 1 -^Aj cN £-q l UiAc. L^luLiLo 

^Jajuj Ai . jj V A_jl ^\ ^y ol^jVi ^ AAc. L 3 1*1^ a X al^jVl AjL^a j_p-a Ai . jj Ajl 

. AjLi*A 



6-] Tsai (j&) M AjU ,^ A \\ cjUJail Aj^jJ AJ V-iJ Aj J AJLkluiVl Sf-LuA J^bua :22~ 4 

([4 
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6-] Tsai (j&) M cjlLJall aJVaj A 22 AJUai^VI J^bua : 23 — 4 JS2J1 

([4 



M AjJLali!) i-.l a .titi AJV-Sj B[j AJUsIlu) — *UaJI ,jljjsV) SfLui^ (J^abu :24~ 4 JS2JI 

([6-4] Tsai <y) 
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\\ <4jou 1 iN \\ AAxJ sMxa CL^\^ Djj c-1 W 'iVl Sg-La-s cIl^LgIx-g 

j Djj I 26-4 j 25-4 «F s^Lai^. 4-iuulj M 


LgAIc. ^22 j Du ^ .M <IVaj N j F \ Sac. cJ^I (j-Q D 92 


4 / 

12 


Du N AA3 I^a]I ^4<i]l l*ag nj £9Jj N— 3 j N— 2 


(j-o F (3) ji N j (2) M ^_jj-£3j (1J LgAjc. 


A 22 t 


12 


i>« D 22 


C1l)LgLx-g L_3jj5j (j! (j^AJ c4_iiLla]l ^±1 ^4 ^jl O -0 4a£Aj . A^.1^11 

, 4*3 ^ pS\ i 4 < I*.* \ 4_jmA^2l<a 4 -s. 4 ^4 i-4\ \ ^A > hn \ t 



([6-4] Tsai ^j&) M AoIL^IaII AjIa^LH <l^u J 4JVaj Du SfLu^ JaUa : 25 — 4 
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(j&) M Ault ^1 a 1\ Cjliblalt <Uuu D22 SfLuA JaUla : 2 6 — 4 JLuJI 

([6-4] Tsai 


Ljlilij lj! J AjjLia AaaL^I 4-ujHaH j AjjlalH SfLuiaii Cj^LaIjla 3-4.4 

AjJL^Ia 

(j-a Aullx ^1*^11 Clilala^ll C!j 1^ 4 <jl (jLij <ajLoi]l S^aall ^^a ^aJ 

Cj^LqI*-a (ji V .(Extrssa) ^ ^Iuij ^*,'Wn jl jnsi ]-i 

^Jj u' aA& ^a ^1 Jl J£a .LqLqj <Loil£ AjujULoII j S^LuiaJI 

^)j£l A ks-x 1 ~n.11 <j]L-£3!1a 11 Cjlilijll dll j A jQ jJ-ill ^jLlx-sall 4_JL^. ^ (JjJaal jl jl -*w« Jjil jj 

.ClilLlia C1l>Ij (j-Q 


AjjL^. 1 4_i^.l_^.^ c_fll_ill [6-4] Tsai (J^a A-a.^Vu^ll oj^^aII <ala^)ll 

olia*-A c13^LqLx-q (U.S. Polymeric Oo. E — V87 — NUF^ ^ -lajl^j al^jVI 

l” n*\ Aj1\ iaII Clilalijll tdli A_ii±la]l ^cjUx^all ^j-o aJjaLuj $.lij ^aJ . 3 - 2 (Jj^JI ^a 
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cjj qa M— 1 , 2 , 5 , 10 J Aiflall A_ijljj A-iLiall J ^.1 qa M~ 1 , 2 , 3 , 10 

^ * Cl 4 <Q \ 1 *> \1 ^ M Q 1 -^t \i (.“ \9 v >»-N.i . 4 Q AjJL^lj 4 <Q ( l*t\l ^r*\\ Qi^ll 

CL^\ji^S ag-L^'l Clllidc. ^al , W'u J 1 jx nl^i ^r u^ij ((ill j ^g-Ic. elb .^JojuJI dj^Vjst^jl u*n^j 

*uj A-l V 

(4.86) 




"---^ 

B'~ 

~ N~ 



B' t ] 

D' 

M 


.AjuAIaII D' j j9 f 4 1 AjjJajll ^j£ll ^jjliLjj l^j 

4 A (JJ 4 C- J^^aII iS AC- J-a^.dH ^9 (J^JAV'AI OC-Lol^Jl CIL/IaIxA (_JA A^^A^-Q 

.(.^J) 4 A ^ A' 1 (jl (_$t) (_5 ja,Vl l—ljiiu La^ia J£ JlaJ D' J B' l A' J D J B 


AjJa^jlxll djLja^)lxll ^ja ^jJJC-^a^a ^gic. ClA j)\, \\ 1 s-l^aJ ^aJ 

il*jl Clijl£ aJj^A <^_al_i]l al_^jl ^gJj A^jooIIj ^\\ jail ^glc. 90 j 0 AjjI j 

a^jj 6j 4 a£U.,\ 1 (3mm) a^ jj 0.12 (^j*! 1 (25.4 mm) 1-iniCjLjajUJI 


^gAijoillj ^^1x11 (jj^Jajoill ^gic- (JlxijVl djLoi^A ^jaj .(Sp3n) iljjA^U (152mm) 


^jaI^jjaII (J^ll ^ja lajoijVl ^Jaxull CllljAjijjj ClA^lxijl L-jLoi^. (_j£aj \ AjJa^jlxll 


s°+-k. = s i ; pper 

1 2 

0 t 

£: K =£ 

‘ 2 1 

i = 1,2,6 


lower 


(4.87) 


. 4 . >.jl * ASLajai Jiiaj t i " 

iS JJ ^ ^ (j nJ-i'i -Ixj B' v j | 4 y4j 2 = j; 2 4 A' n ec- LmaJ ) Clilalxa (_yL& 

J D' n 4 B' 2l = B' 2 i B' u otLaiaJI aliXalx* j i0° N) 4 ^jjj-a 

C Imfl La£ .0° l^JJjlj <4^ ajlt ( _ s lc. Ml 4L_aj4^ «.llajl jajc. JJflaJ ^XJ ZX; = 7)[, 

> ^2 J D[ 2 =D ' 2 1 4 S ; 2 4g; =s; 2 4 ^ 2 t /j; 2 = a' 2] s»lj 

^uLiil 0 Axj^)a A^-iix^a S^)J-a (Jj 3 ^al, W‘u J ^aJj .90° AjJa^jlc. 
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A LjI jj oS*P A 4jl ^^jxj • -Dgg 

27-4 JLill ^ L£ ^jVl 


D 


66 


PL 2 

4^ 


(4.88) 


A^ (_£j J juiaII ^a S^Lui^. ^Ua ^aJJ ^aJj .A_Jjl Jl Jj Wq 



5juj-a a Jiia : 2 7 — 4 J^uJI 


ClAala^j CjI j A )Q ^ A •s. AjouLall a^Lua^JI LqIx_a 28-4 (J£joi]I hj 

J5 j .A^ojla Jaj3-v*fc ^1 , W‘u J-J AjJaill Jliiill ^Jajj 4C1 l>Ij jl (jjjiLl 3 A_i^aLk A_i]l ^ 

500 cJlxijVI jjl-^JJ V i" cA_^.j^ Jj 1 x>iq tdiVl^Sl c£ (J t Ajj^^'i Clnkj 

. LaLoj l.li^. A-jJaill (J44 ^)JaJj . U^)-«a j 1 j3-v^ (jl£ d-J . (JjJLlg 

J>Jb cJl^ Jjll 4_ijl£-aj tLiA (j-Q . AjjJVi" Aj^'I j A L_ljl^JI (J^jj 1_a£ 

. cAalaJl CjIj a jq^'i Jlaj-ali ogA^i-s CLy^)us\juaj 
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Oil 

(to® lb-in ) -1 


D'l| 

{10 s lfe-in) - 


CjlilSj Cjlj AjLJs AjjlajJ) ftfl ■ nail Cj^Labui :i 28~ 4 

([6-4] Tsai ijc-'j (Aj£jj^i 4 jjLju» 



D« 

(10 s N-ra) -1 


Oil 

( 10 s N-m)-' 


AjJL^la Cjllllj Cilj * ji-Ja AjjiilSl S^LuaJl iliiLaljLd : lj 28~ 4 JS^Jl 


([6-4] Tsai (jt) (SI 


A-uflliJI AJjIaII Cjlilijlt lj! J AjaJafl AajL^I SfLu^ Lj^Labua 4.4.4 

j AiLia N (j-Q ^^9 A-ill ia\ 1 ClAsla^)]! dll j A_iiLla]l A (dlljj 

(J£jd S^LaII dlAldl >.** n*\ *dLall ^uaj o \ jLo 
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ai^All CjlaJall j .4 j<i J-ill A x Jl <jjou11j - Ct j + ct 4jjI^1I j 

jm,‘il . + a Ajjl j C 5 ^ c ' ^J^ll CjlaJall (jj£j 1 a nj 6 - Ct 4 jj 1 j ^_pll 

^jlaj-a]l 4J1_^. ^Aj tA^L-Aiai]! djl^jall L j llu'i 4.“ n*\ 4 _iIax 1I ^ <j-al_^Jl 4_1I_^JI 

^isu A jqj^ C1 jI^\3-»'aH l—Djoijj .A ^JViaII 4_2U*VaH C!j 1^ Ajq^J-all 

^jl_9j-all a.AA ^ajujj 4 4jLia (_]£J ^jUaIaII CjISIajaII j 4<_£^kl 4_l±La ^ja L_al_ilVl djl_AL^jl 
a 1 a ^9 l^LS&lJ ^Ujj j "4_i-aL^Jl" 4_i]l ^ull CIjI^ A j^iJ-all ^-jl^x^illj 

a^A (Jjaj 4_ia^aC. ^)j£Vl 4-21 x/i‘ull 4Jliliila^)jl djlj 4 ^illx-all ^un Vj .4_ic.^jill 

. djlalfl^ll C1 jI£Iajujj 4. qljlVl aL^jl t^£- -Isj^jjaII 

jj£j (jl 4.21. x^i a C!jIb13^j djl i 4_iiLla A ^_j£aj 6 (JIjaII (Jjajoi C5^ J 

Vj 1 — iLiTi/l t_jjUm V dua. [ 45 ° @t / 60° @2t / 60° @2t / 45° @t\ s 

Ajlila 4j^_i ix^a ^^A 4_iLlaH 4,*\jqx^lli 4 till j £aj ^1^ djlsla^)]! C!jI£Iajuj (jj£j 

<jL u ^cjUj-sall ai^J 4_iiL]a]l 4_^_iijAa]l til ^Loi 4_fij-£3j (_j£aJj .a^)ial_i±A 4-2 U*o*a djlsLs^) Clili 

Cj^IaIxaj 4 (x 4 4^1515^11 aL^jl 4 N CjUfLall Jic. 4JauiljJ <j^al_kll 4_2 LAa 11 412515 jll dil5 
^jc. ^iJxlill ^j^ajj .t A 4,jK11 A^IajoiII <il_kJaVlj 4 Q- 4<lASl5 J ag.Lxjj> 

: 4 jQ^loll 4 -V ^^-21 ag-lj.j.1^ CIl^IaIxa 


A 


ij 


Z(e„),(z,-z,-,) 


£=1 


fi s =IZ(0,)»( z * 2 - z L) 

^ £=1 

d *=£E«W z * 5 - z * 3 -.) 


(4.89) 


djl_a^lall iic- Cijlj 4 (J^l ^)a t j (ct ^jIjlIc-VI-j (_£illj Qy 4 N A^i 1j 

— Ct Cy* Ql C > Uil^J 4 (_JjL 21_^21 lll£ •6 ^^)Sa 11 4.** ll ^\]n\\ iic. J 4_^.ji^All 

^ 1 1 +a Q\ \-a Q-66+a @66 -a 
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Qn +a = 0 


12-ce 


Ql6+ct ~ 01 


1 6-a 


(4.90) 


0 22+ « = 0 : 


22 -a 


Q 2 ()\o. - Q. 


2 6-a 


[4-6] Tsai .(2.85 ) aJjIx-oSI a qyiVi l-o liAj 

lA-illull S^LuoJI 


A 1 ’ ^12 ’ ^22 ’ ^66 (ft 1 ’ 012 ’ Q 2 2 ’ 066 

^ 16 ’^26 = ( 016 ’ 02e )“^ 

B^O 

f2 

Dn>D n ,D 22 ,D 66 = ((^| p 012 ; 022 ’ 066 ) 


(O n / 

~3N 2 -2~ 

V^16> ^26 /-j 2 

N 2 


(4.91) 

(4.92) 

(4.93) 


Ajju^C.) N J <j-£aL^JI 4_1 jLa] 1 djl j A jQ 


4l | , 4,2 , 4 22 , A M) — ( 0 1 1 , 012 ; 022 ; 066 
^16 ’ ^26 = 0 

B n ,B l2 ,B 22 ,B b6 =0 

,2 

^16 ’^26 = — ( 016 ’ 026 

01 >02 >02 ’ 06 = ( 01 1 > 012 5022 ’ 066 ) j ^ 
06 >06 = 0 


(4.94) 

(4.95) 


(4.96) 
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<LwalikJt AIjIaJI ljI j A A Jail ^-Hsuo!! Jja. CjUaaiLa 

Ajji j a^'J ij ( A-j 1 4 \i I-a , .-V i . --v di^bilx-<i 29-4 3^*’^' .jc ^ . 

^26 J 2^16 -N ClliiLall (jt ‘UiliiLa A &6 J ^ 22 4 A n ‘ A u ■Aj.lsJI OJ^J 

La-ljc. ja, .all (jLsjbuJj 4Lpj3 N (jjfL LaAuc. N ' j ■ . N J 2jl a'»Ti 

.N = 3 b-ljc. ^4 26 J A 16 — S ^4*4 <jj^-“ 4igJ .Lia.jj N 



*11 

t 

QPa 


(j-a 4ljLa Cjllllj alili AjSjJ 3 a SjjUaaJt AJUalauVt SfLui^ iliiLabta :29~ 4 JSbJI 

([6-4] Tsai £&) ^jxuSjjjVI 

t'Ala^b 3^ A ' ^ij ASUadjoil — a- 1 M A/- 1 . --v 11 dl^Lalst-a (_£jLa«j 

30-4 3^aall 3aJ djliala 3^ ^a i L)4-aJ <j£] 4 J ^)3 

4 ^ua]| jjli tN £_a 1 j ■ .^r_ L—bjlill B 16 (jl LaJj 4_Sjl j 4JV^J_5| 6 /?(yljj) 

4_ba-a]l 4_La£]l ^jl (jba .N = 2 La-ljc- 3 L ^ ^ Bjg ^ 


B 


16 


M 


*y 


tA , , jW 


(4.97) 


. 4_jbjjlillj j £ ^ 4 4 a^j . ^|\1 4 \1 bA . A’ 1 33 /j^a 4jjjiaJI .VaH 0j3 3-^' Au—j j 
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Cililij Lj)j 4-jAjia AJUaiaul — fUaJI £|| j&U Bjg S^LuiaJj Jjabua :30 — 4 J£«JI 

([6-4] Tsai 0 &) j jLal\ qa 4liL» 


^26 _ ^xy 

tA 22 tN y 


(4.98) 


.N — 2 j 0 — 45 Lo-iic- uj^ aJUvu*iI — <jl 30-4 u^j 

LoAic. Dj 6 ^16 ~»l Wil JjSyi g.1 WiVl d^Luo^. C 1 lA-qIx-q (^jiVi 

<1aIx-a11 (3^j ^ Ajl Lajj ja^-g ^ cJ^i 0*D l6 — D 26 — 0 (j£J 4 j jLa N JjSj 
• N = 3 La-lJC. J J.SZ Vi ^g-alaaJI l.ag'i.aft jli (N £a lua^fr P 26 J _D 16 a. UalTn t(4-93) 
. 45° ^3 ‘Sjj'J A?-' t> cs^ic. l*ja { j^jD 26 j Z) 16 o' 31-4 ojjjj 
30 % IjjLua-q 4 Z^26 j -Dig 4 cJlaSI ^jc- 4 ill ^Ia^jVI 

V 41a^J .N AlAjj LgA^C. Ixj^jj lAA (j-aallL V j . L)^ 

Jjs — g.lw *4 jljSVI JaL^j l^_i3 ^jj ^liS\ 4_ujjaj]l Jjl^JI 
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Cilllij A jjjja 4-aoi.ua Jji — fUaJI Jjl j&U D | () Sy.1 > nail J^sbui :31 — 4 

([6-4] Tsai (je-) ^La-jiL ^ ^ AliLa 

Cjlili j]| dil 3 A jWall AaainaU dilL^lj Ajjlaijl Sf-LjiaJl d£Lal*_a 5-4-4 

AJjIaSI 


d )\ u\ \ j 4_3 jIL<J d )\ f\\ ^)iiju 

d\\'‘idi .<j-£al_^JI aA\ ».<VUH djlflla^ll djlj A j' 1 ^ 3-all (J^.1 Cy* 3.4.4 

<^aix^a]l dlilojj . 5 ?6 J B 16 1 ^gAc-Vl AifUl 4 _ijIjj 4_1jL<iI1 djlal£^)]l djl i 4_jiLia]l 

^Ic. l_j *\ J^\ ^ . D 26 J £> 16 ‘ ^26 4 ^16 — ^ Aifkll AdLiall 

Ja£3 Aji\ Ja^.V .4_da^lx]l 4_Axdllj ± CX d djlj djl_da^)lc. 

dl]j ^ 6 A-j^l x«V^H djlala^)]! djl j 4 ^jLlx-sallj <j^)LLa djl.'m 11 L <a 

^3jj ^aJ .Lujii 45 Ajjljl! -lie. (j£duJ A 2 2 J ^11 J 

dW^j dj^^xijl j AjoiII (_£ ^3 l u*n o . Vq* >a ^.ud Jlx-ijl djj.1^. 

(_£ jlxJl (jd^Jajoill Jl*ijl d \\ >.i\yA £jJaj ^aJ . (Jiiall CLf$\jtJLi\ j g.1 WlV 1 ^a j^C» 

•O -0 Y \\ C3 . UjJ cJlxAjl >». U^J t ^jA3c. j .4_da^)lxll j 

y upper _ 2 g u PPer _ ^ upper _j_ ^ upper ^ 

lower r\ lower / lower . lower \ 

Y xy ~ Z ^45° _ \^x ~*~^y ) 
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^ (yj X 45 Ajjl^ll Juc.^ ClilUlll (JLxijVi £*^_ 0 i‘* n*\ 

.^4.87) aJjIjcaII djlg.1 W iVl j JajoijV^ ^Jaxiiil AjUj.nl! djVLxijVl Ua) V ij .(JLxijVl 

^3 JUJ1 .AjoiIaa]! j aj^Jv^I S^LuoJSl c!_l>Lq1_x_a 32 - 4 ^J^a^I! ^nj 

<jj£j tl^gj .1.1^. .ll^. J^aljJ LS^~ tAJjLall dllfllS^ll djl j AjiLial! ^jlg^l! 

. LqLaj AAaSJ AjLlLi]! 7»r \\ Qi^>ll d^Loi^JI C1 l^LgI*_aj CLjIxSjj]! 



A i 

(■■ W*l 


*\ 


0 Z^ n ' " ^j'j 


‘U^Li AljLi cjllli j ai AjSjJj 4 *LuiIaa^j AjjJajll S^LuiaJI ilaiLaljua :i 32~ 4 JiuJI 

([6-4] Tsai (jc-j (AjSjj^S 4jjLjl4 



0 i-ju 


“U^Li 4laLa ilalSlSj Cali AjSj J a 4-a-Aua] aLuilA^lj 4jjlai3l SfLuiaJI CaiLabua :i_j 32~ 4 


([6-4] Tsai £&) (SI 4Jjj 
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j i-ttfa-vM a 6 . 4.4 


aAjLqj <all k^x\a djl^ Aaiiala A AjuAlaJI Sg-1 myW C1j^LqI*-a Aa^jliLi ^aJ 

^jLaj-sall A_^Jl*a> ^aJj . Aa. l 'nVqMl Aa^)laj ^j-«a Aa^jlziill o^Lai^Jl C1 l)LoI*-aj Aj-al_k 


^3 (,•* il g^H J^3l jjj 4 C1j!)LqIx-<i]I a^A 4.“ l,Wj dli^.j . A j o^Jaln^H A jQ ^Jall 

j As ‘ A, ‘4 6 • 4s j^' oW a^.Lai 2 k C1 lA-qL*_a C1j1_3l3jJ £-q AaiLia A_^aix-a 

4 c*i]j LS^ A-ll^-ll ^3 Aa^^allj Aj^)iaa]l (jaj CLlso . £) ^ 

aJL^. ^^3 ac-Luj^JI O^LqIjca] Aj^Jaall C1 jIx 3 jail ^^3 Aallc. Aia (ja ^calall .^>11 jail ^ j)Vn 
.Ajla^aC- AaiLlall ^alaj-all O^J Aajjilii]l iaj^jai]! 


4.4 JiLui-^il *£>JAyA 

Aj-aLk 4 -^IIa^i*^ CjIsI^j Cljlj Aaiiaia A AjUaunVl ac-Lui^. C1 l^LoIx-q ^Icul 1,4.4 

4 .** n^«. <j-£al_^Jl aJUJI ^J^.1 ^j-o (4.78) aJ^Ix-aII j^Lo)! ^ 1 4 a n<a j & pallia 

■ t Odd =t even = t/N 


a^jiaLiLc A_^-al_k Aallx-aliA Cialsls^ Ciali AaiLiIa A_^aix-a] »l , WiVl as-Luo* cIIl^LgLx-g Jjajail 2.4.4 
4.** n^. A_x-aL^JI aJUJI cj-° (4.80) aJjIx-aII (J^ajuil ^\ 4 A ^j-V n^aj 


■t odd =t^=t/N 


A_i-aLk Aall i.s*\A dllsls^ CIjI^ Aaiiaia A_^aix-al AJI Jau^Vl a^Lui^. CIl^LqLx-a ^Uil 3.4.4 
4.” n*\ A_x-aUJl aJUJI (J^l (4.82) AJjlx-all (Jjajoil (_£ 1 4 A -aJa n,a j a pallia 

•M M=1 A-j) t odd =t even =t/N 

aA >.s-i\a 4JlA3l3^) dla\ 3 Aaiiaia ^jlsj-sa] aJI )a uJ ~g.l Wil as-Lui^. 4J1 j^LqL*-a (J^ajoil 4.4.4 

Aj-aL^Jl aJUJI (J^l (j-a (4.83) AJ^lxaill Jjajail (_£ 1 4 A .aia n<aj ^jlaljall A Ux&C' A_k-al_k 

.(L^i M=1 d^j) t odd =t even =t/N aya. 


A-iioi^C- A_x^al_k AalL-^aliA 4 Jlil 3 l 3 ^ dial ^ Aa^aia ^al^x^il g. 1 , W iVl a^Lui^. 4 ^ 1 l)LqIx-q ^axul 5 . 4.4 

Aj-aL^Jl aJUJI ^j-Q (4.84) Ajjlxaill i> _^ajail 4^aiaalaj ^)Jalaa]l 

•NM=1 ^j) t odd =t even =t/N 
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(jjatalx-Al! ^9 4 x A. aXL> Cj|9 A jiLJa ^Ljla^al a^Lui^JI CIl^LgLx^i 6-4.4 

.(4.93) -(4.91) 

^9 4 ' . Xc. 4 . X. A 4_ijL<i CjIbUj Cjlj 4_i9jla Ar 1 . .. -^. \\ di^L4_*-<i ^Icul 7.4.4 

.(4.96) -(4.94) 

•(4.98)j (4.97) upbl*Jl jiil 8.4 .4 


*UiLia]( jjliual) AJll 4 5.4 


a^iLa 1.5.4 


Ia| (failure) (jjli^J cil^Lai a yoxaII ^blix-all ^ 3-Vi <.^ jojaaII .ib Vi 
c ji^j hjj ±\ <#*> c> .33-4 JSjill ^ ja w(ductile) bJ j (brittle) U,^ 

(Ja^. (j)A ^Ac-I (Ja^. (JbVi £a ^r,x n'l (jl (_£ jOjolaII ^^3 i*‘ i Vi AjiIxa A 

o^.j (JjIIa (deflection) c_al^pjjU .i^l jj ^ blli (jl ^ c^-l*_ijVI 

(Ja*\.1I (JaVi A_lLl3 ^ jjJaVll (Ja^. jl (Ja^. (jA (j£ (Jjaj Vj » (J3^>a ^^sLjal (Ja^. 

.Iaj Ia ^aUaj ^^3 (JaxJI) ^-IxujV^ (Ja^. (jl_3 ttillj ^4 j . ^^LajI ^jj-ajxJ 4 jA.)aC<VI 

.A-plxll (JaxII Jaj^jjol ^^3 Aj ^-^AJOlA l_Ajlj (_)ili] ^ J)J.^V*kll (Ja^. jl (^Lx^j^n 


A-it ou (Jlxijl AjI VuJ ^3 .lb (Ja^. *»“ 1 Vi A-i^jlaj-sall Aj^^aII ^j! hsi\\ 

^Jaj tll^Aj .^r.x, n'l ^lill AjiIxaII A j .ibll 1 “ 1 Vi Ajli]l Aji.IxaII A ^ j^^ll (jA 

.34“ 4 (J^bll ^^3 Ia£ cAiLia c-l AqiJ-i ^iLujI b>J^)-^ lilAVl Aj£^)a1I A *^.^.^11 

AailkAll ClAilAV)M (jl g-1 nub A jVIxa'I A^_iix-al] A- jLaa (J£jaj t .li^blb ;Aj£^)a]I 4 ^jV.^i'1 

AaliVa djll jl A3l3^) ClAilAV (jj^j (jl (j^AJ 34-4 (J£ja 1I ^3 Jax^ll (JjaVi AJL^. ^3 

. (iVj ^-Lxijl (Ja^ (j}A ^p^l (Jj-a^j) A jq x-r^-aU ^-LajiV 
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gJliuol i_il j^j\ — Jr4Ai : 3 3 — 4 JiuJI 


AajJ? jUfjl 




Ajj&Ja A^ji^j JUAjI — J-4Ai lil IjLJ! j 4yju A jlalHil : 3 4 — 4 


t A jq.ij-il' A,*\jqj>^iH S^Lai^. JUJ1 Ia£j c AjqiJ^H A.^jqx^iH AJIHaj L<uS 

^ij oAa L <i.^*i . AjjI j CIjI^jaa ^ja l^J Lo £a Aiilii^)]i ^A AjuJlxJ^\ A_iil 

.VnVij .IgjlalAj CIl^Ic-Uj j ClilillLa ^gic. jLuc-VIj tAjq;Jnll A^jq^'i AJIHaj £Sjj 15 Aij^Ja 
^3 ULLuj ^jaIAa!! ^Ac. Aiilii^) (, j£ ^^3 aJL^. A-3^>aa ^Ac. A^j^lali oAa 

JJC. Ajl-uIaJI LaJ_j jl t^_^ll<Al Ajj^Ij j ^LVj ^a^C- L-DjudJj ( cilli £Aj • <— jt&M IAa 

1 qt’i'N.a IjLjJlSk j\ Vi AAV'n aAj-ssL^AI (JjlAVVt Jl^il (jli 4 A_j£^a 11 ^llall aAjLcua 

^3 0^.1 j A<i O-i (jliVj (jl3 i a-^Vl ^Ac. AAjIaAa A_udjl V'l/Al jl ^ a! 1 ^3 A_ic- IaIaj 

3 i\ g.i^Aj ^All A j'^iJ-all A-^-iix-ali (_)aI£ (JjliVj V A jVil Qx^H A_j£^ja11 ^1 ^a!1 

^3 Aaj^A.a ^)jju (j -0 LS^" 6 ^)^' (JL<l^.I JaVi ^ Ac. S^pls (ji cA^i^li 
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j JjuiaII <^3 AjJa^x-o 4,^.\ki.s-i A-ihlij jA &^)AUri]l a3A £-a ^lallill .a* LoJI 

(Ja^JI a.l^.j cJlxijV^ A_ia£ ^3 SjIjJ £_a ^IxajVI (3 -° ^5 ^"^ CIiV^a^. (Ja^j 

.34-4 Jiill ^ IaS (a*L^J 


Jl^Ij ijHail jl_ix_A c > latx^ili (_jaS t Aj^Jali ClAaj-al y> JAxj c_i^uiJj 

^)l_ix_A (jA (jq^sMl ^iix-aJ ttilli Jj Aaldaj Cl^Lc-UjIIj Jl£d^l A3l£ jldc-VI 

Aaj^La ^jjc. A^JLxa Cljljlij (ja A^jUI AjaIIaII CLAjLIaSI jiixjj Jx3j 1 ,jqjM jj£1 ^ jjLq 

L_L^J ililSi £-A .AAujLIa ^jt- J <C.jl_k (JjjLlS CjUUj j)A ULsJ J (LuLJ Ig jdl Vi (j^AJ V) 

AjfLkJI ^cjlq^'i CjUIUaI £3 jpll ^-ajoG ^ill ^jjjIxa c_aj^)xlil Aq -^.'1 J^aLujI 

^Laj] ^)j-£aj C. b^SLi £3 ji]l (jA ^aaaxaII (j^AJJ Aj^)A A_jL±All _jjjLxa ^/'ix'ij .Aj£^)a]1 
La£ t^LujliA]! CjUUJU a^ULa ^jjLx-aII l*1L (Jja (jA (jqVili .a.vix.A (Jja^j aJL^. 

Ajjljjjill ^}Al jlall c_LujL1a (J£jaJ 3-^aj ^jjjIxaII d±jl£ \'a\ Ia (J ^£^11 3xj Ia 

. ^AljJall (JaAjSS ClAj jx t.si \ i ^Jj ^)Jai5lj 


SjUI 4_iujjj^)11 ciAaL^jVI cLiUIiIaIIj AjiLUl ^j! $>.s-i\\ <jIi1a11 _jjjI x-q ^jl*.“n 

.djlslS^IS a t uanjll CjUUjI £-a cIjIaL^jVI a3A ^\W\\ V j cdjlala^)]! 

(jC- ^jaxJI ^Sc- <allkA Cljljjl^j ^Uaj ^3 AjiLUl A^oix-all ^3 <3l3j AjLiA ^nVi c > v^.j 
dil.ls3*jll j)A 13^.1 j d A jil JLSkV 1 ^3 ^)iixjj .ojjU^ll CjISIS^II ^^3 tillj 

C' )\,C- J)A~^A 03c- ^JAjJa 35-4 ^jLlx-a]! <jIHa1 1jj^)£Ia 1^)1_1X-Q 3^°^ 

A^JLxaII cLlAj .A_ii±la]l <jIaa ^j^alixll jl 

4^_iix-al! ^3 <a, w'u^jaII ojLaII ^JL^. ^3 ^I.^VujjVI -laj^dj 
AjILxII <^JLxa]1 L-j^)u^. y $\ c > IU*1J 

L_fl!lAllkVl c > \\*.ti) 4<jLa111jj .AjiLua daljl^i jl Ajj!^)^. djl3l^_i.j 
tAjjia^) ^I.^VuaiVI Aic- Ajjia^)]l ^jWaj A^JLxaII Aic- ^j"i\a 

jd'Vn j . ^jjqh^kA ^1 Ale- Aj^i 3 ^^ j'Wa (JA Ljajl La l^Aj 

^ja ^- c, ^> ja ^ Aj.^u^ jjjyi A3 j3j^ia]1 31^a yiC- Ajjia^)ll 

A^.j3 JiA A j^J's.a'I djljijLiil ^jLj jVSlc-^] i^.VI l >. ^>J idj^L^Jl jJaxj ^3 .^^133^ 

o^) I^]| 
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AjaJsJI 0 U 44 -I JjLsO ^fJUl JrjjJb 



M~nM>nN ie-LtSr 4 

i_J j,l j^JI 4 

•Ljjfeyi je jw-Li/l iXlfliH OjUbw 0 
&\*J\ -jbiU4v £ 
iImuII 4 


jl^tfl 4 Jb* 


*jttl 4JU 


jpu* ^1 obiitw 0 
^isyi jiL^ji jijjIm 

4JAj£lll <~nWiilfl 


J 


4jiubJ1 «^jJLaJ 1 j% iW 


AjLlall 4 ‘vja^U AjUa JjWi : 3 5 — 4 JLuJI 


4 \ 1 -v AI-v ^ ^ o^LaII 4 \ 1 -v \ 4 L->\ ' 4 -v jQ i . *l l ^» -v 1 ^ J ^ al_ic. jAjj 

A_^.^)Aj A jQijaH A^_iix^a]l S^Lui^. CIl^IaIaa djlc- J^W'n c^JUIaII (Jjjau cs - ^" -J 
4 Ajjl ^)^J1 Aj5LuI£aa] 1 ^j-ajL-aV]! j m'lj 1 x^ijl J^jmi <jl 

a^ jaII cAAx-al jaII aaU yill j cjISIaJI j (hygrothermechanical) 

S^Lai^. CIl/LaIxa ^^3 £jIju JQ \k\\ A "\.\kt.s*W A^IIaI 

.AjiLUl A ‘sjqx^ill CliUtiA ^Ac. JllilLj iAJUadjjil — c-Li^jl 
IAa .A_iiLla]l A AjIHa ~k\\i i ^^3 aAL^j SjLaII aAL^. £ja ^jjjj 

Ia^Ijjc-Ijj . djlals^l djlilliA ^3 jAji Aj^Aa^ll Jaj^jAuj A_AlaAl S^l^aAl A^^p ^jl \*,\ 

^jjSj ^gjj AjaJaSI A^iix^all Cj C jlfllijll ClililliA tClilslijll £_a Ajjjoi 

.aAlUI A ~\ )k^W C1j1jJ13 

L OgAl £_a AjJ^Ja^j Aj^j'iI^aaj Aj^jl^a. CjV ja^.1 ^jZa^ytlu ^jl A A^-iij-a] (j^AJ 
(1) !^jA (J^.1 (_ja AjIHaII (JjlVi Aaj^)la ^)a^M L_liiaJjj . CllV ja'sAI cAa (JaVi ^^3 

A j'q lAall A^-iix^all Clll^iAA j ^ 2 ) j AjiLia A^-iix-a 1 ^.IaVii ^jl (j£-aJ (.3 ^ ^ a C lj'V ja^ \\ 
aJUaa j 4 (Jj\ Vi aJL^. . ^ 1 ^ 1*1 11j ^.aJ^xII cIjV j)a*\11 aJLaas . (j4*-o cJ^v^ Aa^!>UI 

• ^ ^q\ 1 ^ ^ l^uaUA ^ < J > >' a i 4 \ 1 -n. ^A 4 i*Q^l»i\ i 4 -v <Q t djl^4AA 
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^ 4_jULa Jolaj 4_utjai 2-5-4 


.ASLui ULi^I lg '&\ 4 0 ^JjoiLlg AjfLiia A^aix-a Cljlalaj ^3 CjIjI^^VI (J.)lV‘i ^>jjaj 

11a ^9 ULLxjj Clbui9^j ^lill AjjojLujVI ^ic- l2lli*-G ^^jllll (jl 

dj^Jal llj A ^Jo^qII CIjV j.g^.11 A )3tn A_1V^ Cl±jl£ dlljl^-^Vl (jl (jLu ^aJ tliA j . (Jj-^all 
^ iujjj (^131 Jl^-a -if wM pl^aJ (JjlVi tlj^j . IjJ^A. U^-g l£^Lai ciAalii^l 

AjjILq j£-Gj Ajli 4 Cj131S^JI CjIjL^] <J£ dia^c. 11] Ail ^ \* j 11 a aSIS^j (Jjli^j 

(J^^Jl (J^l (j-a Asls^)]! Aila^j (J£ ^9 diljl^_^.yi 

. (jli^V 1 o .lie. (_^ 111 


(_^111 AjiLJall A,*\jq will AjIHg (JjWil <LgIxJ1 Ajj1 ^^.V1 1-ill-G^.j 36 — 4 (J^xall (j4JU 

(J£ jjC. (J-g^J 1 ^)dxj tl-iAj . A j‘4j>3-a\l A_^aix-all (Jlxiil — (Ja^ ^L^l (^j (j-al jl<a (J^ (C^jj 

c alljj . CliLoi^ilill ^ ClaVl x,q iVl (j-o ClaVlatViVl (j-ojJau 4 A-all'nlljj 4^jjxll^ (_£^lll (j-G 

. Cj ll9l9^)ll (j-G (_^1 (jlikj ^.Ic. jl (jli^lj (jl^lx* n (jjlili^-G (jjJJ^LLo (j-o (JjWill 

HA j) A9l9^) (Jjl oAiC. (ji^J (_^111 (J-a^- 11 ( *. 1>J 4djl9l9^)l! (j-G (_^1 (jqVi ^aJ llj 

(JjUai (^J •A-3^^)ll (jli^J _jLix-g C_alL^j ^lll A9l3^)ll (_£ 1 ‘((^ jVl A9ls^)ll (jli^j ^axjii Lg 


t^lll j 4 L_fl j^)jca11 ^C- (J.g^11 ^)1 .iLg aIV -1j djlBl9^)ll djl -IJ-l^j 4 .Ij.wMl 1 1 a A jI-gC- 

L_Ludj j . A_ixGJJ^)ll SjLgII ClAc-L^jl ^ ^aJ (j-^j ‘Vjl AjaJall A^-iix-all ilj''’il lL^.j ^3 

(J^^Jl jIlgIjIj ojLjj ^jj . (Jjlvill ajI^j My ^1 M x tNy N x j J-g^JI 

Alj^)ia (3^J AiaaJl A9l9^)ll (j^i^l >/i^> t IjAic- j ,o2^)Lg11 jiaxj 

(_^9j (2) jl A9l9^)ll ^^9 L qIjIVI (Jlila^l llj LgLxlj ^)ix^all ^Jj Ijjjljjl jl 

L_nx*ijj . (a.9 j^x^i^qII ^Jlil^U jl^-o cJ^ 11] ^ <a )\11 ol^jl 

AjjLud-G Aii^Jl AfllS jll ^ajl >/i-\ (j^^ VI t (Jjl Vill ^9 A, \x^i 11 djll Aij^x^i^ll C1 jL^JLx-g 

Ai^j-sa-G ^g-xjjl.V^l 4 ^)ix-all Ajj^)-g (j^ A jl» 9 Lgj 9 ^_^.^)V1 i _glc- (j^l 4 ^Sj-sall 
(J^G^kll (j-G A jq^J-ill A ,*\jqx^ll CjVljtijVl c > uaiVij .^^jLoijyi (Jjl^ill aILuia ^3 ^Aj^lJVi 

A^iix-sall CliVlxijl Aj1i9L1g Jxj Lgj9 ^Iiujj .A9l9^)ll (jli^l (Jj 9 a^Lud^Jl djjLGl_*_Aj L_flj^)x-<ill 

.A9l9^)ll (jl-^j 6 ^i*n l 4 lG^l"i\ l 
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JUijj — JaaJI d jlui j A^jL^I] Sjtla JjlVi :36 — 4 JSdJI 


a j'q c > A. xai 4 ^ ^»jj qa aj^-g 4-^.j d I aI 

diljLg^.! aIajj « f-\ WiVl S^Lai^. dj^LoLst-o j aJUVuJ ~»l.Wil Saja^JI 

ajLlIaJI djlSl5jll ^.i djljl_^.yi aIaJp (jl c \y \j Ailij 3^-^j djUUi^JI 

<xjJal_^Ji djlala^]! 3 ^^] ^ac. ^ja 3 '^*^ c > v^j 4 Aja*jj . ^I^aLjjV 

JXk ^9 c > nd'i (_£A]1 (J-<l^J 1 A ic- SAjIjpaI! I^jIaI^-^J djLj jIix^la] 

djla±Ul ^gJc. dASlSjll djlAl^_^j ^_jjjj SaI&J 4 c5^*^ ^aa • aajUI 

SaIj^ I a] tdjlala^ll 3 a a^j Ia| ?<ai^JI 

Ails^j 3^^] tJxAJ oAjI Jlftll djlAl_§-^.Vl (jl (j-G C > V^J 4D^)jA (_]£ •6 ^)jA11 j j£jj J 

. Ja^JI (_>uij ajc. j JtiiSI L5 ic. cjISISjII 4il£ 3^-^ (jJ 4 V 

3^-^y dlda^pu A3 AjAilall A ^jj 4AA*I1 a 11 lAA (Jj-q 3-a^J LoAic. j 


•JWj 

.36-4 JfLill a513j]I jlii.1 ^)l_i 9LA A^.\ ^>J-a ^JjoiJ ^ Ajl 

0jIjj 4 Jl^Jl 3Uk! _jLixa (jc. <lijjoiA 3 j^ J-iladl a IaI^'1 a. 

.A3la^)]l 3li^y jIjxaIIj 3\xn dj^ljtijVi j t^.AhatH JIa^VI 3'*'"^ 

Lo Ic.^ Jlxijl — 3-^> dl^Loill Ldajl (j_^4 4<3l3^) CL) -0 dl^LoiJ Aj^lill c_liuiJj 
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4)3^11 til ^L uj (J t^Jaa. ^)AC. Cjlili jll dljL, jlS L. I ij .y»i 

Lr ka. ^)JC- A-iLjall 4_^iij^ail ^alxll til ^Ludll C J-lx-o (_£ 1 JU (j-a J •< - 5 “Ua. U^j 

9*2 0^)iill ^ ^aJ .4 jjjJn'l <^aix-£all ^ILoa^l J^lia^l J^9 JA^l j <3l3j Clllikl 11] 

Ja j^)joi t." 1 VI E — djlSl3_j Jjli^V ^.Uc. JA-aj JjJa9l£ (Tsai- Hill) ^)l_ix-o 

Ai^iUl <jIi 1 a 11 Cjlxijj (Tsai - Hill) jLix-o ^l.WuJ 4 I. 13 J . jj^^ll ^Uj pW^j 

11^-til <Loe^La J j£ 1 (_£^kVl ^jajUaII L) -0 -1^-lj u' ttiill ^a j . S^jiall alA ^9 

• E ^la.j - L 5 ^jjjVI jac. c£ j^.1 

(ijtjaJt JL*»,¥I 3 . 5.4 


JaUaI Jj-aall l^A ^^9 AliaJU-a t.” i'qui) (_^H1 ^^j'll^j^ll jLg^VI JjlVi ^ V 
J^*-ll S^l ^2k. ^jc. 4_alla_-o 6^1^^. .lie. CliaJjC. .19 ^lll A j‘4j>J-i\I ^ilaj-all 

^lixji J . _j\jjC.VIa Ula.1 c > vnj 4jjl^)a. Cliljl^a.] jg )Vi tdiVU-11 oIa Ji-Q C5^ J . A-LOjIai^jII 

Jjl Vil Ajjj^jJall Cl_s^\_ 9 -latlll\ £_a ^SUl^A-oll il^U^l Jj'Vi ^aAILq ^)l^)£j S^iill alA 

.(thermoelastic) ^JjaJI i*a>V! 
j t^-^LiAll (JjLq!Lq ^jac. (_^^)1^)^11 JUiil — jl_g_^.Vl CjIb^Ic. 

:^llill j^ill ^^Ac. iljuVI 

Sj = Sjj Oj + oqAT ij=l,2,....,6 (4.100) 

CliVUiiVl j SjjOj <a5^15Lia 1I CliVU-aiVI ^ja-\a £. 4_il£Jl diVUiiVI UJ^ L * 
a -aaJl ^»JA j •AT s^jl^aJl ^9 JaJ o -0 cXjAT Ailmdll s^aJl Aj^jl^aJl 

: (Inversion) c-JilL jUjVI JUijl -i^Vl 
cjj = Cjj (sj - cCjAT) ij=l,2, .... , 6 (4.101) 

JLxijVi ciiiL<il*-<i ^J (4.101)j (4.100) tiK tXj AiLoJI jjjlLall . ita. 

a^.jj ^tis.^1 J) AT j ‘(ck» 3 t(distortion) Jia j J JJui ) lsJ ja4! 

jlS 111 Ji (4.101) iiSSUH Cij-ajAT jjJaJI j^i LaS .sj jaJl 

. LajJ*-a ^ 1 SH (Jtxii'V I 

sjLail AajoUJ^) 1I a" )\a\\ _^. v j I ^_i ^_^.11 a 1! A_iililj CjUUj ^Ic. [_$ jlj^a 3JLi. 

:(Principal Material Coorolinales-PMC) 
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(4.102) 


cr, 


cr. 


l 12 


"fill 

012 

0 " 

£j - GTjAr 

012 

022 

0 

£ 2 - a 2 Ar 

0 

0 

066 _ 

7,2 


. dlVlxijl 4-11 ItUjjVI djVljtijl ^9 Jail 9 ^)Jjj J. Wl 11 O^LqI*_a ^ji 

(JjjVn 4 jqiJ-aH 4 ^jqx^ill C1 jIjj 1.1^J ^^9 k 4 q 0-all Clil^Lg-^Vl 

r^LjJl ^all 6*2 S^aill ^ ^jj La c 3 ^j ^ 12 jl«^*V^ 




0,i 

0,2 

0,6 

** 

-a x AT 


= 

0,2 

022 

026 


- a y AT 

_v 

k 

0,6 

026 

066 

1 

•3 

— 1 
f-i 
<1 

8 

1 


(4.103) 


jA La£ t Jj 9 jl (j-a^l ^£^)AUa (J-aLt-o CC x , JJ^lLoll jj^Ja Jjbuij 


f 



i . — i 

Y«“=° 

Jiai 


.37-4 Jlill o4t 1 mM ^ JLJl 



4212 Jjillj 45 jl jaJI jjaIII :37-4 JiAll 


aALx-aII ^9 4(4.13) aI^Lx-aII 4A£Lajui]I jjc. (JljtA2)U 3 '»■■■; 

. " ' V -i .^t^. a 4A£LajAI ^Ax A i2all CjI^L^xV A_^jlj]l AA^j ^jjj (4.103) 


386 


(4.104) 


1 
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'A i 

A 2 

> 
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A 


N y 
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A 2 

A 22 
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B U B \2 


B„ 


B \ 2 B \\ B 26 

B 16 B 26 B 66 


K x 

K y 

a:.,, 


K 

Nl 

Nl 


<]Ua!liail — j <11 3 -»'uaiV1 cIl^LgIa-o B .. j v4^ (JA-oj c 


j^k’ill ^Ac. <-^jl^)^-ll jj£j j (4.24) <1 jL*-a11 ^^9 j 

A Tdz (4.105) 




0,i 

Qn 

Q 16 


<*x 

N y 

-! 

012 

Qn 

0 26 


a y 

KJ 


Q\b 

026 

066 

k 

a *y_ 


jj£j LqAIc. la^. tN (_£ ^ili ( ^ 5 _AjujJ Lg (jl 

.<>g^a*_a cLgLgj a , jl^ll cJ*l_hJVlj 


dlljLg_^.yi ^ j^xll dj^L-a^-o ^Ac- (Jjj-a^Jl ^aJJ tAjL^lall (jjiiiJj 


* a^LaxuII 


K 


Ai 

B n 

Ab 

A 


A, 

A 2 

A«" 

*7 


X" 


M y 

= 

B \2 

B 22 

B 26 

A 

+ 

A 2 

Ai 

D 26 

*7 

- 

m; 

(4.106) 

M * 


Ae 

B 26 

A,6_ 

_r^_ 


_A« 

A6 

A*. 

JV 


K 



(4.24) <1a1_*-<A1 ^k A^^)*_a11 aajLAJI ‘A., l . -■v ciALgLx-g D;j (JiIaj l " ^ 


Ml 


fin 

0,2 

016 


«x 

M T v 

y 

-j 

012 

022 

026 



K_ 


016 

026 

066 

k 

_<V 


A Tzdz 


(4.107) 


5JLaJI ^ Jaia Ajjlja. Lajjc.j <_Sj3 ^^ic. M^ J N^ 

LS^ ' LT* f j*^J S J^' ^ l-jjjjp Aalc-j jAij t ciA £xsj . ^JUiAl >);QAn ^ . ''\ 

: J\l\ jaJll 
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(4.108) 


’A'x’ 



1 

E"< X 
> 
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1 

> 

A l2 

> 

ON 

1 

< 


1 

_to 

B \2 

_ta 

ON 

1 
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1 
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+ 7V r 

= 

A n 

A 22 

^26 
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B 26 
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Nxy 


1 
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o 
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^26 

V 

1 

S ° 
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o 

1 

b 26 

Bee. 

1 

* 

1 


Mx’ 


X 

+K~ 


~B n 

B \2 

B\(, ~ 

K 


'A 1 

D \2 

o 16 ; 


My 

= 

M y 

+ M T y 

= 

B \2 

B 22 

B 26 

S °y 

+ 

D \2 

D n 

0 2 6 


Mxy 


X 

+K 


A 6 

B 26 

b 66 . 

1 

1 


0,6 

0 2 6 

0 6 6. 



(4.109) 


^."llLa-al ^ •> 11 » a (4.109)j (4.108) ^3 t j£-aJj 

^g3 M T j N T J AjsISa AjSjjl^La t"iV ja-»X 

.Mj N J] Ail^YL? > Jill Jft (4.107)j (4.105) >4 *a1! 

tj-« Mj N (JIa jc.l_jall Jj M j N ajaa^II ^ ..T A j 

ill ^ic- (4.109) J (4.108 ) (JJaIiIaaII AjLj£ ^5 a ) j - Iaa3 ^LuISaa!! _J’ (JjLaa 




"x 4 

51 

£ - ° 

— 

= 

1 


M 


xS 


A' 


(4.110) 


:(4.1 10) aLUaII lJIs -(4.62) aLUaII ^ >11114 




1 

cq 

1 

’tv’ 

/f 


! c/ 

R- 

1 

M 


(4.111) 


. IjI>a] 1 A_illc. .13 .(4.73) aJ^IxaII £a 

j jl JjLoia] 

±uii .(4.102) aJjIxaII ^^3 <_j^aj 

^Ja^II A jqiJ-all A d^Las*. Aj.wM A3l3>ll JjlirJ ^jIjaa ^3 

lilSi Iaj >ii*j .A j‘4 iJ-ill A ai^ta 


.jB J?J 


l \ y n \ i-^\\ ^ ^ 4 4 n <Q t AjLA ^ ^-\ i ^1 1 

A yj\ dllSlS^ll (j4J dilc-liilSI LaIj j .4_ii±Ul ^jUx^all ^iL-adl AjIaC. j 
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4 k iAI \ ^ ^ * ) ) i # ^ Q ^ k i' Aj£_lla]l 4 ^ jQk-^»\ i ^3 Clilala^)]! 1 ^ jQ ^ k >» J\'\ ^j]| 4 qj^ j^iW 

.AJjUIIj dAaIx!1a]I ciAala^)]! cIiIa ^jlaj-all <J aIiIa! ^^a &aa 

^UajluiVt 4-5-4 

caIaja*£ jjjVi Ji* aj^jaJ jJI aI jaII (Hygroscopic) A-ijUajl^VI jlSVI I2nj 

jljVi £a o^j-aLia jIjVI &AA AjIJojj j . AAajj lilliSj ^jaII Aaj Lul_iAj£ Ajjla^ll qs*\a\ ^ill 
A_imj4J^)]l C1 Ajj1a^.VI ^ (3 2 J f3 j AJj^^)ll AA-oj Cj^IaIxa aJojaI^j Ia jaiaj ^»jjj tAjJ^)^JI 
JaiU <_j£aj Ia£ . AAa!1]1 CIj^LaIjla (J^.1 L)- 0 &2 J ^1 (^ S^^-Ja AjLouIIj SaLaII 

(J^.1 ^ja a^Laa AjA^-j cc ■ (J-A*H)ujj Aj^I^^II caI jjjlilll CjLLxoJI ^JLft^lujl jl 

. c_lia^)]l AAa!1]1 

(JjILq aj^j! 1 cj il jj\x, j \ j\ jLSojl tJ^.1 (j-Q LqL<a L ^"iAj 

dllAl^^yi J djVlxij^l ^ LaIa!! 4jjl^2k C1i1jJ*a]1 (jj^J t^ajAxll ^glc. J dlljjjtj 

cjjiLJijj .Lq ic.^j ^j^ja ^ixxTnVt ^a j c(>. > i\c.yi ^ic. c* q aju^uj 

Aj\aC ^^Aj 4&aIaJI Ajjla^ll jLxiaijlj ^Wn IgjV Ia^. AjJaJ AijUajlxjjVl (jj^ 

<jjA ^jjij . (^JVua ^Liujj CjI ^1a Jj ^.a! Jj A xJ ^j) Ia^. Alniaj 

A^.jA ^jl ^InuaVI Jj i£^ji Al jaII AjjJa^)ll jUaijl (JjHa AjJ^^JI ^j 3 ^jl ^)^jj^)f»jj j 

d^)a 10 6 ^j_jl jjll ^ja L_3jji Ij 4 ^ J-axAi (JAxjjJ ^xxi-n cikb 

A^lix-sa tJliAll *[7 — ^ 4] ^ja Aj^ia^)]l ^j")\a L_ll^)4al ^ja 

(12.5 mm) 0.5 in cAial jillj ja 4T300-1034 tAl^o, AiLL 

OJ! J31I ^jU 3UB 15 J] 90 % J (77 °C) 170 °F a^ ja» a^ aa, jxa 
jLoojl JaIxa J45UJJ .Ajjia_^)ll ^Laajo) Aiul 13 Jj ^1^4 Ig,^' 4^ 

.[7-4] o^)l ^)^JI A^.^)A £a Ixj^)juj _jj»,*n Aj^l cAj^Ia^)]! ^ jp^.A ^a ^Lils Aj_jJa^ll 

A^.^A cJL^a A9^)xaj Aj1s^)]1j Aj^jI^^JI CAIjIax H ^ja (J£ djl^jjjlj c > Ixxi^k Jajj^jj 
aILcIaII AjjI j^JI (J^LaaII jm‘ij . o^.uxaH AjlJI ^Jl jiill ^^ic. Aj^Ia^)]l (JL^-aj 

J^-xaj ^ jjjjj A^.1 j L_ijl^. ^ja j-\xx“i J A-mlS (j^j) AxjIja CjL^.jA4j 

Ajjla^)ll (J£Laa "Aa jlLJI" (J^LaaII (jA jnxi La^ Ja^)jA ^IVVia 
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.38-4 ^3 JUJ1 4_^_iix-a3l ^3 o^*_a]I CIjIc. j!illj 4h^,aH 

^j-q j ^jj)Aj.i ^ ^ ^uajIj 3^ £y* 38-4 ^3 dal jW*i^ll ^ j^-oj t^£- 33 ^ 

<_£3a ^^3 D d il n £-« cj-°^ t J ^jl *a*nVl 3'°^*-'° 3-3-<^ D \-^) Dt 1 e 33x11a ^ao3 3^' 

<_j-a <Li3hx31 il j Wi^ll ^.Ic. 3j^^'l ^aJ 33 j .[8“4] ^ ^yix^l' <jjla^)]l j 4_^p 

D= 2 X 10 jhfrnVI 3-alx-al 4_Aia31 3UxlJj ^juj j ^ CjI iWu 

3-0 <-<u3 ^3^ 3j j ^ a ^3] [9-4] ^g-ijjljj ^jLuujjAj ^-njjl ^ 3^ 3 * cibomsl ^^1131 in. /hr 
^)JC. ^I^aLujIj j_$ J'^ a (ji 38-4 3^1 ^3 ^ 3^ 3^3 3 * 

jLlnl (jV A3l3^)ll 3 j3^. 3jc- 3x-^ V Ajl ^ \x,) l3A . 4 <£1 _auj 

.Ail3_j 3£ ^3 c. <aj\ 11 4_^.jaj 3^^ ^ jA J <j£^)a 31 o3La31 ^3 ^»jj 

^ y^i Jo 4 t^c.L*jj 250 j 50 <25 <5 3^3 3 -0 <4^Laxa3l 4_j^ia^)31 *•■" ^ j w \a ^ 

3xj) Lujij ^UJuVl j j^*Vl b ‘A‘J 3^ ^iipk T300-3200 [0/+45/-45]s 

4_J^ia^)31 (_£ Jp^* 0 3*3 3-ij 4j^la^3l ^)h!uVll 3 ^_iJal ^11 Cy*J • 

3_^2 (j)\ qa 3*0^ ^3-i^H ^C- ^3j3 13A £-a j .A^LajuJI i 1 3^. 

V t<j^ia39 4 j*jlu1aJ 1 4_lLia3l ^jl.qx^ill <31^. ^3 j .[8 - 4] 1 m*.a djl3l_g_^n 3^1 3 -0 3^*3^ 
.<UU3I 4_ic.^>i3! s^aall CjIjjj1^3I (ja 13jWi J&\ 3^3^ C5^ 



M 0 


M. 


Ji*c 


T300-520S 
GRAPHITE-EPOXY] 
[0M5M5]g 


(jjujL A ■ ujjI a) AjljjaH A£L&ui jjfr A *<■»■»" Ajjiaj^l CjUIa-La :38~ 4 JiuJI 

([8-4] (j^uij 
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^JLualASl dil j AjSjJaJI ^jLLuo]| 4_il2a 5-5-4 


2.5.4 *4^)4411 ClbJa^C. ^jll A j4i321 <^_i4x-21 <jtix> (Jjl Vi A J>g,^ ^JjJajJ 

Vj14 A j4i.)21 ^_jlaj«21 l,g,qj2i n 214 j <919^)11 (JjA ^jLix-g (JLox22j 

1 jl I^JLaVjujI <^.^p Jjja <^^p 2c. \.^ j xxi ^21 <21 <.Vi21 djlala^]! 

^3 ciuia^j ^21 Cj1jjj 121 jl2cl Lyil ^ i-^.j . [ 1 0 — 4] (^l-2j <4j^)la 3^j 

Clll4 A J^l3-aH ^jLsj-21 a1\^. ^^9 <l£j2 <9l3^)]l ^_y. 2l t/T\ CliV (jl LaJj »3.5.4 0^)421 
. jjjoiaJl a (j <2221 <^_2x-21 <jl2o (J..^ V a ,\a (jli 4 <21, >. Vi 21 djlali^)]! 


[10 — 4] lg ^liuj ^21 <21 *«V21 djlj <2221 <^-2-21 3 Laj 

^jl_j3l V il«^ .-lajaijVl ^2 aj 21 ^]j <djo21_J QjhlVU 4Cjl42a Vl2j ^^Ic- (J-odjaij 

<JjLuia CIjV j),a VI N X ~N -la^)j21 (JV (j^-J »<^1 Jo'h^VI^ g- 1 *1 VlVl ^jdJ 

c" ll 3 221 (_£.lV ^-xu2 .VjLaIq (o^)lalli21) <i^.jUJl (." ll 3 221 ^9 djl2g_V^l 4 ^)4 a^ 21 
<4221 j .(39-4 2^21 ^Jajl) x al-^jVl 3^ j 1$221 1— <4221 <i^.^)l_21 

<^.jlVl <4221 ^-<ujjj 1_a£ ,y oIVjVI 3^ j l-g-9121 ^2— <4221 <2221 

M L_2L^a21 <iiaij 3 Laj . 42] S^)12jVl ^1 <^.1^. 2li& ^jjA t^iaLiill c > iu*i ij 3 - <4221 
<i^.jL21 (.** il q221 ^ya (J£ <£L<ujj VjI^-g ^jjuc <2221 <4221 <2_ajuj 40.2 (_$ jLjjj 
0.005 in <4l4j <£L<ujj ^lu . (<i^.j21 <1 jL 2 g CjIbIsj ^2^ <2221 "<4221" 4 12x9) 
.(1.524 mm) 0.060 in <221 <2221 <^2^21 <£U^j (0.1270 mm) 



■j <21 *si \ a cjlilij ljIj <22a <a-2u2 M=2 2u^. <L^iia ljILlL 2^12 jla la :39~ 4 j£22 

lut Jx42i 
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lE — (j-Q Aiilii^) Jlia ^ajl 


Ei= 7.8 x 10 6 psi (53.78 GPa) 
Ea= 2.6 x 10 6 psi (17.93 GPa) 
v 12 =0.25 

Gi 2 = L25 x 10 6 psi (8.62 
GPa) 

a, =3.5xlO- 6 /°F(6.3xlO 6o C) 


X t =X c = 150 ksi (1035 MPa) 
Y t = 4 ksi (27.6 MPa) 

Y c = 20 ksi (138 MPa) (4.112) 
S= 6 ksi (41.4 MPa) 

a 2 =11.4x10 6 /°F(20.52 x10 6o C) 


jUJl (significant figures) ^IS Jj\ ^ j jUi? 

. Jliall SI AjjIjxaII US 4_j5Lj^}-gVI a ! jix-all 

^ic. ^9 (J-olx-Q L oUJ ^9 _j j£1 q^5Ljj 

l <aljUl ^ic- CIA-jIHaH ^ 

.-LaxjJall ^9 j Aioill ^9 S^LutaJI Cll^Ulx-a nat*i 

jjliiVt JjS JUiJVi 

d^Lolx-o (_$\ (J 49 

Qn = Qn = 7.9660x1 0Vi(54.92GPa) 

Qu = Q 22 = 0.6638x10 V/(4.578GPa) 

Q 22 = Qu = 2.6550x10 V/(l 8.3 lGPa) (4.1 13) 

Qg = Q ( 6 f = 1.250xl0 6 psi(8.620GPa) 

ft? = 0 i ( 6 2) = Q$ = Q% = o 


dj^Lolx-o J 

a® = a[ 2) = 3.5x1 0 6 /°F(6.3xl0 6 /°C) 
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af = a {2) = 1 1.4x10 6 /°F(20.52xl0 6 !°C) 


(4.114) 


a il) =a {2) =0 

j 'ey x y 


loll SL W^J\ Sg.lxAi'N _5 


A n = 0.21243xl0 6 /7>/ in(0. 037207 GN / m) 

A n = 0.03983xl0 6 /Z>/m(0.0069767GA r /m) (4.115) 

A 22 = 0.42485x1 0 6 76/ in(0.074405GN / m) 

A 66 = 0.07500xl0 6 /b/w(0.013137GN/m) 


l A A will Al\ oc-Lui^J j 

A’ u = 4.7918x10 6 /7 ) /w[o.27358x10~ 7 (A^/w)J 
4' 2 = -0.44923x10~ 6 /6/w[- 0.256530x10 7 (7V//«)j (4.116) 

4 2 = 2.3959x10 6 /6/m[0.13680xl0' 7 (A^/w)] 

A' 66 = 13.333x10 ~ 6 lb! w[o.76 122x1 9~\N I m)] 


djlj 4 j<L]a]| A a. ^11 ^9 o^SJIa 

.Aj] 1 Cilalaj]! 

4^.j3j AjJiLa 4(j^l ‘4a'"iA. 4j jlj 4 ia.ili'1 4^ 4_^.j3 

: (4 .105) aJjIscaII (3^j oj^ tilije. . ^.ic- ^-411 


N t x =33 . ItATpsi / °F(0.4 1 049tATMPa / °C) 


= 35 .OtATpsi / °F(0 .43407 tATMPa / °C) (4.117) 


^=0 
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. jLujj (4.107) (3^j 440 '^}^' ^ jo*JIj 

^^3 (4.108) 4JjL*-a 1] c—ilc-Vl ^Ic- 4_L-a]l dil^ A-i]l"n^ll CIjIxJoj jjtli]' (JLaxIIujIjj 

^ cjljl^yi o' uW^ ^(4.103) ^ I j^lj (4.13) ^j (4.111) 


<T 


x - 2.21^ + 35.5 ATpsi/°F 


(i) 


2.27 ^AT + 0.4409A TMPa/°C 
t 


:oj£j 4_i^.ol_k]lj 

(4.118) 


ex™ = 0.12^-16.0A7>sz7°F 


TV 


0.12^- AT - 0.1911 ATMPa I °C 
t 


r (1) = 0 

*y 


of } = 0.75 ^ - 7. 1A7>7 / °F 


0.15— ^ AT - 0.8819 ATMPa / °C 
t 


(4.119) 


r(2) - 


-0.024^- _ 3.2ATpsi/ °F 


-0.024^ A T 0.03954A TMPa/°C 
t 


- (2) =0 


4jl . A?" 7 J Nx ^ 3 4i.aH CllV o^' l “— 3 '^W^ , V' 


N v 




c4_iiLia]l JajujjO-ci] ^ lljL^.1 (jC. QJ)3 mN 


.Ail^O L * Q j"' ^L^jl t t lum Q^t* 'H 1 ^ >■ >»» i ^jc. 4 <Q a l-> \\ 4 n 

40-4 o^j jx^ilpjal 4_iiLla A^jikx^ ^^3 5~4 o-ijj 

<3tjJal_k 4u]L»^alia djlilij Clllj 4 aJ^'na 4_iiLla 4_^-iix^a ^3 if A,4^3-a Jajoijl \^±uijjj 

^Jj o^.l j o-Q 4_all^a u' ^>J djUjUjoH L — 3 '^W^-' u' o -0 ‘'■^A j .Nx 

4^_iix-a]l ^ 5 ^] 0 ^ 3 ^ ClAiud^Jl pfia n 4_iiLia]l 4 JajuJjOA ^ajg 3a ^.*W nj 

4_jV 4 j‘4j>3-a\i 4_^aix-a]l Jaja)j!ia pAjoiaj p.^11 c . ^>J £-<a J . ^3-ViaN 4 

4-^_iix-all jig ~\\ Jajuj^liA ol^ ‘40-4 pa La£ j pLix-a 4_laljaiJJ 
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-Lajujja-o (J-axllual cdilj £-aj AjI ^9 .1^1 jdll ^lj ^ 1'Wj V 4 

dil j 4 ^jLaj-all <J^I ^j-o (JjWill C5^ J 4 cJj^*^ ^ ^9 ^Jajoi^ll Ajqjlill 

.mj 


^ Xul' <UiUj »p 1 !>■-■% " %l^LibL4 jj i ,'.'.-i* ^i'Jl^' 2“D 



jl\ A-JLilaJl 4 jL^I Jowj jla :40~ 4 J^uJI 
Aili ijlt Jjtiit jL*-a J^niaj 


1 gl^Vi j Nx ^ ^a-iill .Ij.wM ^)Lix_a ^ilLaj (. . ^ J 

(J^.1 (j-c j .IaJ^)L<ij 4jLiLa (J£ ^.Ic- l 3^*V^ cj.^J J .Al±)a <_£ I ^jj.lJ 


JjllLkj ^jLix-a ^jC- ^nxlill dll^ 4jq \ln\\ ^-jlaj-sal] qsi 1 A. 11 4_i^.j!ill 

^Jc- <i±La J£] Jja — (_^Lujj 


O-X 

2 

& X G Y | 

a y 

2 

+ 

t xy 

[_ x J 

X 2 

L 5" J 


_ 5 _ 


(4.120) 


: Jj <_i2k jliiJI a <\\}~i\\ jLjX^ll IjlA ialcJJ i T yy =0 (jl LiJj 


a 


2 

X 


<J X a Y 



(4.121) 


395 


CjI 3 A_ix_iJjj aJ^Ixa (j^aj^xj ^xj (til23 q a ^cjjjj 


— — = 1 \0ATpsi / °F + [57.5F 2 -3000Ar 2 (^//°F) 2 | /2 = 
t L J (4.122) 

1 .365A TMPa/°C + [57.5F 2 - 3000A7 2 (/»/ / °F) 2 f 2 


7Q Ajhiali <Jax]I (132 °(7 ) 270° F 6^1 A_^.^)J Cl±jl£ I3li 

°C) AT = -200°F <(Ai>ll S J (21°C)°F 

^ = 6300psi(43.37MPa) (4.123) 


* ^ .' L ^ .' 4 AT"* = 0 4_^.^p ^9 4 jiLJall 4_^jAx*a]l Al 


= 30A00psi(209.3MPa) 
t 


(4.124) 


:4jli.lAI 4 A\1 ^9 4 IM a a 4t~- ^ ^Jaauj 


^ = 9.6A7 psU °F + 5320/?.v/(0. 1 1 9 M7l#W °C+36.6SMPd) (4.125) 


70 °F J Sjlji. Ai.j4j (132 °C) 270 °F iS 2 * II ojl^p». ciul£ Al ^J\ 

‘(21 °C) 

^ = 3400psi(23A4MPa) (4. 126) 


: (21 °C) 70 °F ^UjAl jjc. JL«i^lj ^ A) j 


(V 


x 


= 5300psi(36.68MPa) 


(4.127) 


t (132°C) 270 °F a a_^.^p ciijl^ 131 Ail ^jjai ^11 i^y^j 
o'x'* ^f^l y el^jVI (3a j ax^3a1I (Jx^j Ai±la]l ajI.i2I (3^" 1 

^Jajuj^ll A.qjiJall ^ jLaaII L_fllJVl ^jaj CjIc-Ax-ssj 13US .Y t (j^\ 
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ajjIUI ajIHaII jl i_$ jJiula ^L ? 41-4 l)^-^ 4 (90 ) 

Aiil3_j Clljl£ j\ Iaj 3 j £3^° ^9 A_i±la]l a JA ^jxm S±u ^j\ ^jJVnj 4 I ^1 A_a±lal] 

^]1 ttilli £a j .^lill (Jj-aall ^3 ^A Ia£ t^Li^yi A_*Ja^)XA AjJL^J 

^jlliiila]l (jIjIa j .^jjiiLoL^. ^Jj JijoiVi J (JA 4.3-an^a j A_LaL^A 


— oL^jV^ ^3 LgJ^la ^Ac. <^I]jj 4^ Aim ^11 A_a±la]l Jalij ^xja'N ^Ac. X — aLajVl ^3 

<XjJaLk <a±la]l ^9 £3 I^a 11 tjjJUC- 4 ^)ja£ lAj 4l.l£J .X 

A^sLijayi djiiii^yi ^<l 1 ujjjuj j . ^ji i x^i ji l_l^jj (tji*_aji ji^ 

IAa ^3 (Ja^. (_^1 ^^Jajoi^ll A^jAall ^3 ^^yn V *»■’* X — aL^j^M ^9 ^31 ^a1I ^ja*n ^)ja£jj 

.aUjV! 




X 


^liuj J AJaJa *a AaIL^ja Cjlilij lj|3 AjAjJa 4aj&^ A-Luaiia CjLLlL jla 1 a :41~ 4 J^uJI 

Ac-A^ja 


<ja ac-^)1I ^^^Ac- 4 ( _^jAA 1 aj^)^. JIAa ^ LAl^. A_ilk! .Al <a±Lall ^qVi 

lij 4(_£^)^l A_g_^. <_JA .C_fll£ A_Alc. (^g-AAl a^)!^)^. A_^^A Cd\£ IAI V jl A_i^.^)l_kJI A_iiLa]l 

> 

jj£j j AjllLa ^Aaj <jl (J^aj A j'q \ln\\ A_^aix-a]l (jl3 4 ^-iaII a^)!^)^. A_aw^p qs ajqVi ^aJ 

^j£]I aAA J^sIjjj La£ .A_ilkl^ll A qjJnll Jjlikl *^ c ' ^^-AA! Aaj^juj ^U. JaJ 

l> Nx/t ^ 
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,j" aJc. jULi U J <34-4 JLill Ni l*Jl jli-Sl 2^1 ^ 

t.'* n*\ A_j£^}11 J^I^aII (Ja^JI l jl-V Jlxijl — (Ja^. JaiaVAll (j^fL . (Jlxiil — (Ja^JI 

iic. ^^j^aII (JlxijVl ,A aj\ja ti_jla±lall (J£ 

^ = 4'^ = 0.098% (4.128) 


tjix-all ^jLuij <_£ill JaVII <ja ^j-uLsj t A ^/‘iaII Ci^\jtAi$\ JaLV JIa. ^ 

. ^ 7*- V I >1 i*il aJL^j j 


AJLJall Jliikl Axj <iljiu 21 


VaSlc-liull ^jl^al tila AjQjV A_iLiill A >>jqx.Vl til ^La (J^W'n w A <iO-i JjliVj ix j 

(Ja V ixj ^.jJWi V Igjl A qi3-i JjtiaJ V c^iil^ll j .AjJ^pJl j aAjjISjaII 

( xa A_ilV ill A_a±lall t.” I'qq V t AaII x Vi a 11 Cjlalajll Val i A_ill_Vl A_iiilall A ~y VV 1 (JIja 
ilg-^Vl Jc. ^i^Axll) c_al_ilVl olVl (jl Iajj cX jj^aII Jj A iVillj 90 AjjI j L_fllJVl 

Ajjl ^a <QjaLa1a Vale, .lx V i IVa qj£j <jl ij V JjliVVl <jla t(^liVVl c > iu*n (_£ill ^ ^fi^ll 
olVa^l) c. \\W\ filVal ^a A j W ill A qiJ^ll ^Jj9 ^ja il_g_V^l ^JaV (j£aj <J1^)j Ia tli^J . t, <aljl^U 

■(y 


^j-VaLkAaVl ^.Ic. iAixla ag-lxxj-N Vj^IaLxa ijilc- A^II^jaII A jQijVl A ^W1 c^W'ia'i j 


Q[ ? =o 
Qn =0 


• 3 il-x t >11 SaiUll 3 _lM ^tfajljAaVll^ A_i^^jlVll 


A q iJ^ll AjauLaVI 


0^ = 7.9660x1 0 6 psi(54.92GPa 

Qi 6 2) =o 


(4.129) 


.^_j^jaLV 1 JjlVill ^9 A_ia 9^11 ClaljjxjAall ^jaIVi! o^jJXjAa Loli^jl LilL^. jlix-aVl (Jjaj t.** n*\ 
I^Jill A J^il-all A ^kjqx^ll AlkuxiVl D£.La^ Vj^IaIxaI A^jUaII <ajqx^iAll til\*iA*i j 


4'j = 0.7542x10 6 /(r^.s/)[l 09.4x1 0 6 !{tMPa)\ 


4' 2 =-0.01 178x1 0~ 6 /(/p5/)[1.7xl0’ 6 !{tMPa)] (4.130) 


A' 22 = 0.1414x10 6 !{tpsi)[ 20.5x10 6 /(tMPa)] 
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.a£ 1\ jac. vlL^JI ^a Iaajsa ja ^22 u 3o^V 




erf =6.00^ 


a'p = 0Al^-l9.3ATpsi/°F 


iV 


N 

0.47 — - 0.23953 A TMPa / °C 
t 


(4.131) 


r (1) = 0 

xy 


< = 0 


C7 (2) = ■ 

Uy 


.09 — ^- + 3.9A7/WZ / °F 
t 


.09 ^ + MUQATMPal °C 
t 


(4.132) 


r (2) = 0 

xy 


jl J^JI (jl jSyi jl Vj ‘X filViVI (3^J <_£ jl ja. jl jSJ A^.jJ V <jl j-a 

j (4.1 18) jdA jjlii] a£11 £*\a\\ jaC- VlL^JI j* aIajI Aa y oLVjVI jaj 

aac. 1 jl jay I .[(4.132) j (4.131) jjalAlx-allj (4.119) 

^ILLJI Jiau A T= -200 °F (-111°C) j N x /t=3400 psi (23.44 MPa) 

j^jj .42-4 (J£joi 1I ^a La£ cl «jfcU 4jj! j-° Saa*Hq dAc. jx.ro ' i jjlaj jac- 4_i^.jlvil 

.4_i^.jL^JI A qQoll jliVj jIax-q ^ 4_VjIa1I CaIaI^YI j^aAjJtliA JaljJjVI IaA j-a j^Vill 

j^> xxlll j-a j-aA^ I L_1aL^JI ^ 4aIaa]I jj\ Vi Va! J^,j ^ till A 4_lAl£-aj jLuja La£ j tlA^A 

. (J*Q^I (ja^A c" 1 Vi I c j-al j!La (J£joiA AAlij j-a ja£I (3^-^ c36 - 4 
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lifcUAl i^lla CjDilij u|j AjSjJj 4 Ltaiia ujlLIa iLiljJ jlaia :42~ 4 JiuJI 


iifcLi&Vt -13U d jiuJl 


A_i3 (J^Vn .i^Jl ( degraded) a£J 1 g**^ a jq a cii^_ix-£a! 

-La^a aJ^.U 1 ciilaJall (J^Vn j x oL^IiVi ^ -La£a 4_i^.jl_k]l i“ il q;3-»'i 

ilij 44_iiiia]| 4_^_iix-£i]! ^jj^j j Ijjl^ ijiill^JI til£ j .y 

o^Lai^Jl c 1 l^_-oL*-a .^.I^joi]! ^Ac- ^ ^ wjj- LoLoj (jl^aVl 4-04-^ 

: c^ j^all l£j^ V <^51 
0£ = Qn ] = 7.9660x1 0 6 />«(54.92GPa) (4.133) 


IASslI U 21 AIsI^aIIj 4_ui£Ia>A1 a\\ AtUjjVI o»l xjj'N C1i^LqL*-a Cjj^ j 


A' u = 0.7532x10 6 /(tpsi)[(). 1 0925 l(tGPa)] 


a; 2 = 0 


(4.134) 


A' 22 = 0.1506x10 6 l(tpsi)[<dm2\%5l{tGPa)} 


SjlS jll (jj£j ^gJfr 


o-^ =6.00^ 


(4.135) 
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X 4 jqjJ-ill A^iix-sall aJI )VuJ Sfil a ai^ (J-qLx-q (j^SLj L£ 


: JUijl 


n jl u _ j _ 

£ x A u t 


= l.3xl0 6 psi(S.96GPa) 


■ J « 4 aJI b K ' i < 

(4.136) 


. t AW jjc . *:»/■! . -■v \1 > aLx-a aLllj (_£jLajj La ^Aj 


0 alacVl 4,> Jail 4, ~vj4.ua II Jaa. 

A laflj Aajj . 4 1W, 4 jjLlall A^jixuall ^-llaajaLJ >4^. ^>1 •la-lij aA^^) 4 >1 ^jVI (_L-aj 

hjj£j tljAj .N x H Iaa3 A_L^.^jLiJl C jl Ajlall ^jLsij 6 (JLxijl 11 ^ l^k la >£. 'A»l" 

:(4.1 18) aLUJI A^jliJl cjULLlI > aI^VI 


a? = 6\8 psi(4. 26 MPa) (4.137) 


150 ksi j ^a-all Aj^U. 1 Jaj^jJu . " (T 1 ^jf7i 1 AjS-a-all A-aj^ll ^j>jj 

149.4 ksi >1^ >1-^1 j Aj^jliJl AiJall u^j Oa^J .(1035 MPa) 
Jc. (4.135) Abl*-ll 6- a>U 1I s >11 > jjiLll Jc Jj— aJl >JJ .(1030.7 MPa) 

: JLill jajll 


A N * 

t 


Ao £ 

6.00 


= 1 49 .400 psi / 6 = 24 . 900/w(l 7 1 . 8 MPa) 


(4.138) 


: jai jaJI ^ fJa&Vl jll 
^ = 3400^/ + 24.900^/ = 28.300^z(194.5MPa) (4.139) 


(jl .43 “4 ^^9 (_^AJLa] 1 (JuA^JI (JjilJLA **») L_l^)lij Lq l^A J 

c (Jj\ Vill 1 x>ijl 43-4 jg hi ciiii^.^1 


• k . oI ^ LaI ! ( J ^.1 O -0 a^A ^ ^ a ^ C - ^jJal j \\ ^ ja j 
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all gr.Ujil'l ^3 lljjLla lilli jy.yj t(_ aLllVI ' l"\'\I j^W j£ j^Jfr 

. (JLxl^V I 4 ^ y 



% 

t 


MPa 


([10—4] (^luu (j^) M=0.2 AJLala ililSlSj ulj AjiLla 4-a-Aua 4jlia :43~ 4 JSjJuJI 


fc.ilwari Ljj-aj J^i (j^j SfLuiaJtj AJUaJl 


t " <1 Q^l-> t ** t ** J 3 4 ^ j \ Q L \ dj^Lolx-oj ciAjIiIaII 44-4 

Ljjj^. CIjI.jJ^xaI' ^^3 ^IixjIiII *4 0.2 (JL^-aII ^jAjJa i^—llL-saj c > U*n £a 4-21,j>*^a 

A.J-axJ L_ll£Jl A a)^C. ( 2£jal fi^JA l** C0.1l^. .lii Cliljjc. ^JUa'i 

.90° ajj! j cijlj aIiUI LJlo '^jaj (routing) ajj^Ia (jjjJa 
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([11 — 4] jj jJj j-alii j ^Luu (jc-) AaiLuaL^I dilili jl! lIi! j 4dL)aii ^ilLuall AjIIa :44 — 4 

o^Lai^Jl O^LqLx-o j .^LujLLoII <x3j!1a 11 djlitiAll 

L_iji^^. ^Wn .AjjI^_i11 j l)^) +pldLVl iSl^Jt A-uilLoll j 4 _x3j2a]I 

. s-1 jjJI ^gJc- CIiIjIIIaII (Jj'V Aj^laiJ 


aJjLlSI Cjlili ijJI Cj| j AjSJail 4_jlla 6-5-4 


Ig-iA 1 jp£l og.L.jj'v dAi AA jLaII djlala^ll djli a jq ^3+1 ^dl^Vl 

d Uj.nl d ilj il JiV dA+jjVn ^Luj ^oVl AJL-aiiAll Clilil3_jll djli AdLlall 
odV j AjjI^ UJ>7 UjJ aIjLaII dAala^ll djl3i 4 j'q ^3+1 ^jlax-all dl ^L uj (jl (jj/\ua tdlE £_x>j 

V 4JV AplLk-ailAll Clilala^)!! djlj A JQ j3-ill ^ 4_i-a (_^1 cJaiia 

(jj^A \^C- Lo ^3 j ^Jj-aVll 4_1L^. ^ Jl*Ajl ~ (J^a VI 3^3-v^ ^ 

dJi AjaJaSI ^ jA W Ljj^j-g VjLJI dAala^ll dJi 4 j+ 3V1 (JjlV ^jj*j t^jja^AdVAl 

.VlL^aSVI dASlSjJI 


dJA d \\ q J-i CIlAj <j-a 4 j+3-i A •sjqx^i ^.ua.i cVlli-oll (Jj\ V Ajjl^aJ ^r : u>a jal JtLa£ 

J15- JVI jA LS 40 ISIS jB uj^j -[10-4] [+157-157+15°] ^ 

E ^ jj — ^Ud) L_al_lllj (_£^Aa 3I ^juoS^^jVl (j-a t V31 x Vi ^ 11 dAfllSjll djlj 4 j+ 3V1 ^dl^Vl 
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a j'q \h\\ a *»“ (0.1270 mm) 0.005 in a^Lxujj dJi 
4_^-iix-a]l dj\jjl^.j o^Loi^Jl c 1 l)LoIx-q Cjj& *(0.38 1mm) 0.015in 

022 = Qn = 7.9660x1 0 6 psi(54.92GPa) 

Qn = Qn = 0.932x1 psi{6A2%GP a) 

Qn = Qn = 2.743x1 0 6 /?5/(l 8.9 lGPa) 

Qie = -<2i6 2) = -1. 129x1 psi{-l .IMGPa) (4.140) 
Qg = -Qif = -0- 1 99x1 0 6 psi(-\ 312GPa) 

= Q™ =1.51 8x1 0 6 psi{\ OAlGPa) 


C- Aj^)AUa]l JAxull dj^^Lalx-G qj£jj 


af =a™ =4.029x1 0" 6 /°F(7.253xlO^ /°C) 
a\ l) =a^ =10.87 lxl 0~ 6 /°F(l 9.57x1 0‘ 6 /°C) (4.141) 

«J } =-a^ = 1 . 975 x 1 0" 6 / °F(3. 555 x 1 0"6 / o C) 


I 1 ‘A^.l . ^ \ <jal£L*-A]l 4 3jQ. /j! jLu 


/ 4 ' = 


9.603 


{symmetric) 


-3.210 

25.41 


2.239 

0.3148 

44.48 


xlO 6 /{lb / in) 


(4.142) 
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J 1 


A' = 


0.5483 -0.01832 0.01278 

25.41 0.001797 

(, symmetric ) 0.2539 


x\Q- 6 l{Nlm) (4.142) 


lAlalj 0^)1^)^. (J^.1 (> J 

N t x = 37.5tATpsi/°F(0A655tATMPa/°C ) 

TVj = 33 .ItATpsi / ° F (0 A\\8tATMPa / °C) (4.143) 

= -1 .24tATpsi / °F(0. \535tATMPa / °C) 

C-laia N x I A Lo-lk^j . ^)ix-all 4 j^jI^)^JI aj^xS! 

: dil I 


a™ =0.97^- 0A4ATpsi / °F 


N 


9.97 AT - 0.0055\ATMPa/°C 
t 


(4.144) 


AA 


crjr = -0.005 —Z--QMWpsil°F 


- 0.005 ^ A T- 0.00097A TMPal °C 
t 


N _> 

t 


r™ = - 0.1 AA^L_ i 79 ATpsi / °A 


0.10 ^LAT- 0.0222 ATMPa/°C 
t 


of 3 =0.01^ + 0.1 6ATpsi/°F 


0.0 l-^AT- 0.000 1 9 4 AT MPa / °C 
t 


AA 


=9.29-^ + 3. 58ATpsil°F 


(4.145) 

0.20 ^ A T - 0.0445 A TMPa / °C 
t 


jlix^ ^)lx-a!lkl 6 1 Clll I 0 Clll ^ L)' 

Ail3^)ll (JjA - 
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( 4 . 146 ) 


K \°X K 2 C>'x T XY + ^3 T XY — X 

K l = cos 4 6 + 624cos 2 ^sin 2 6 + 1406sin 4 6 
K 2 = -(1244 cos 3 6 sin 6 + 43 86 cos 0 sin 3 0) (4.147) 

K 2 = 625 cos 4 0 + 4382 cos 2 ^sin 2 0 + 625sin 4 6 

‘ ^ — 15° L> Ki OjSj 

K 3 =821.00 K 2 =363.91 Kj=46.20 (4.148) 

0 = +15° cl=3 (ja j 

K 3 =821.00 K 2 =-363.91 Ki=46.20 (4.149) 

A \)~a\\ A,*\\kt.siW Jajai JIa 

f- = 1 1 .14 psi/ °F + 37,400 psi (0 . 1 3 83 A TMPa / °C + 251 .9 MPa) 

(4.150) 

70 a ic- ciAax!1uj1j (132°C) 270 °F Aic. a 13li 

(21 °C) °F 

^ = 35A10psi(242.5MPa) (4.151) 

I A A ^9 AjLuIa 

^ = 52,600 psi(262.1 MPa) (4. 1 52) 
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jl (Ja^. (_$\ Ja^J (j^AJ V 4illAj 4A_i^.jLkll AiJali V jl 3^ V tl-l^Jj 

^jl'i'^iJo 3 ^^3 -i^-jj Aji lj^)£jj Ijjj <4±la]l aJ^joiI^j aL^jl 3 ^3 

^j^aj V A_i3l_i]l AaIV. 21 A Qilill <jl Lajj .^jaI^Ia (jVajj Ixa Lil£ 1 Ag 'ili c ^jl!li^.^)Lk 

35,170 psi (242,5 <_£jLaj ^ill A_33all A^aix^al] jlg_V^n JajoijiiA Ig.^qn 3 a Vn 3 

jl^-V^l -LajoijJA ‘A-ilc. &[li .A_i^.jLV1 4.”iU^Aill ^xj o^jaI ja Jgq Vi l^jli tMGPci) 

I^A AjiLiAall A^jix^all ^aA-iC-VI jl^_V^l 


= 35,1 70 psi(242.5MPa) 

t 


(4.153) 


. JUijl — (Ja^JI cil 3*^ aj£^ 4 4? 4 V j 


^ja l.gjlc ^aJ A_UJ^)^J ^cjllijj A^Loia AxSjJa djliluA 45“4 (J£joi 31 ^)g,A-iJ 

. l-li^. j £3j!l]l 3 ^ (J^ 3^S .aJjIaII CjISIS^II ^aiL-aol! Lljj 33 

ci2>IaIxa 4 4. 4 6^.Lui2kJlj £3 jj]1 3 ^ 3 s Vjljlij ^^sLjaj 3^-^ j 

L—DjoiJj 4tii3A .1.1^. l.ll^. 1 g \n 3^ jA31 ^Jaj 45-4 (J Vlill ^3 AjaIaa]! j Aj^)iai]l Sc-LaVI 

Ajjl^j 33 3° ^31-^V^l -^G- CljVljtijVl 41 a^aC- 4(jj£j 4^.1 vsA 1 ^iC» Jlxijl — jl^_3 4^1 jLA\ 

.A_x3 JlA\ dj^lxijVl C1 j1^)a o^C- 45° Ia^j^3 


(Jaxj ^)jAVn 3 ^ o^JJ.i^ll (J -^1 clshl^j ^ AvVl ^jjc- 4^1 3 * Jd ^ jn»j V 


AjjjaJ ^ja 3^ SI^aII Aj£^)a11 S^IaII (a jj-v^ 11 ^)JC.) A3j)^j>^oa11 AjjjaJ (_3-1c- 


Clllj A 3^11 A ^ jqi.^11 djLJaxA Aj^jIIa ^3 A-qL^JI ^£^)V^1 A I^^^LaII Jajj^ J • ^ ^IjlVl 
Ji^l A^ilkA i‘*ilgJ>jA ^nc- oL^jVI Aj^U. 1 iljAix aj aJL^JI aJjIaII 

cijlsls^^ ^11 'ia'i 445° 3° 0^ 0° 3° Ujj 3^-^ 3^ *9.2 o^iillj 25 — 2 

3° 33 j .oL^jVl ajjL^.1 4^131331 3 d 45% (3^^ Ajlil^ aIjIaII 


. 4^131^3 (3 V c^^ll ^>°V1 4 4ljlLiiall AjjIjVI J AjViKjaII Cj^lc-lioSI 
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MPa 


If* 30* 4F M* 7*° »0* 

0 gjLflU l 


([10-4] ^ L«u (j®') 4^-*^ liililljll uj|j 4j£j]a3l l; I Luall 4jlia :45~ 4 


A .iX.-vV. l-.lU-vM A 7.5.4 


C-liJ L <aljiyij ol jLsill A_l^jlaj«£a]l jl ^a! 1 (j -0 V-saLk ^^3 4_jll±A (Jj\ Vi ^aJ 

iCliLljJaja o^c. ^gJc. 


t 6 .^J 3*1 A 11 ^ (j^-oll til • 

y 

4 j^iJ-all V^_iix-all A^Lajuj AjIHaII ^3-aVll ^)jx ill L_S^joi^)j£ 4jjJa^)3 J 3 1 .W 1 • 

A^Lajuj ^C- tciillgllll Jxj $ I jj 

.JaxjJall ^9j AjoiII ^9 Ig.^Vi D£.l_ui^. CIl^LgIxa j CIjIjIja (jj£j • 

(JjlVi Ajli\ O^ - ^) JjliVlj JjA — jLiaa ^V\i • 

*(>l j4*“* L5^ CSj^ U' 
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AjIHaIIj S^Luo^JI L_jl_ic. -l^iia ^\!1a Cjl9l9^31 Jjla^l ^jl <_j^aj • 

. l <aj\ \\ ala^l dilali^ll d^)^3 £_* c_al_JVl 

~(Ja*\11 ^ Wia ^^9 ^Jaj 4 <IjIa] 1 djlsla^]! djl^ 4_iiLia]l ^jllx-sall 4_11_^. ^^3 

Jjli^Vl *> , 1 1 ** 1 1 i“ \\ q;J-ill q±i AjjI^^JI j Aj^jiI^jaH dj^ylc-liilll ^jl^SJ Jljj j c JLstaji 

<ja dilc-UoSI ^clijj j SjjjjJa]l-J (JaJ J tJaSfl l£3lgj (jl (j^AJ 

CIl^IaIaa j)A Aj^jI^^JI Clinic- lioll ^clijj Ia£ .4_lU-»Uxil — (_j-a9 (jl^Vl jl /j (j^uil^J Clil^jjjlj 

i** il Q^Jall 4 jj 1 j]l c > \ Uxn 4 ql‘*^ a! 1 (.** il.Q^ll ^^3 (_£^)1^^J1 JAaIII 

^^9 dila^lall I ijj ^9 ^UaSI Ajl^u ^uaj (Jl^. 

. t- ** ^ Cl \ q'* 1 1 1 ^ J*i^.*l 4 IQ ill 1 1 

jl "<j£^ 11" cd]j (Jja (Jj-a^_} V 4^1 jLa 1I ClllSlS^]! djli 4_iiLia]l ^jlaj-all 4_lla. ^^9 

. Clillilall (J£J (^o£) j)Al jdA (jliaJ (Jj-aa-Jj . (Jlxijl ~{Ja^- 1I cil ^I ja ^^9 (JjaII ^3 ^J43U 


o^Lai^Ji cIj^LqIxa j S^Lud^JI CjXqIxa Jj-ia. [10-4] *- Vu^i 

4 >\1 i ^.~'^\1 dllali j )]l Cjll 4 j^Jall ^jli^all tj^.1 ^}-4 i 4_jjl j"'* ^ ^ j 

J*l j)A 0 jtiill ^ic. (Jjj-aaJl ^aJ ^9j .cljlilLa ClL/lj jl jjJJiLJa 4_lla. ^9 4 _LIa11j 

(j^AJ ^)Jx*a9 ^Jjxxll*\ 0 aIj^J (J^Lk j)AJ L_±oj11a 11 (3^J ^ Mj^)j 4_all^A (Jja ~ L— l3lx*Vl 

.(_£^)a.l ^1 ^A (J^l (JA <JIa*I 1 »jjI 


A-ijl^)^.j ^9 4_iLia LoAiC- t— fll <j£aa]1 olc-I^A ^aJJ 

4_^-iix-£all cJ-iIaj ^aJ l^j <jl o^A ^^9 ClLA9^j ^^jll AjIIIaII 

Ia£ ^0^.1 j J^.1 J ^jiajlj (JIa ^Jl j!l]l ^ic. (_^ ^ja <C.^a^a <iajuji <JaLoiJJ 

c^^Ac.1 ^Ia^ ^ja c^Wiaxj ^jl L_L2kJ t^ajU ^3oVn lA^i*i c46 — 4 ^9 

^g-l WllVi jl JUijVl 4_i^9l o ji9 ttiUi 

Iaa (Jja ^jj .46-4 xxi 11 ^9 t a jq^ll a *\jqx^ll L_fll^)^jl — (Ja^JI 

<9^)xa uxi*s a IjlVi ^jj ^xl Ia£ aiJsi^^Ia ^jj ^xl c_fll^^-jl — (Ja^. ^L^.^)a] 1 cil ^L41 

AjAxi 46-4 (J^ xxi 11 ^^9 4 jq ^3-i 11 A^jqx^ill ^ LLkV Aj^ 31 j! 1 a 11 (_j-ajl ^11 ^3 ^aj _j nxjj .^—al^All 

^ ~y IxQ \ ^aJJ V t (JUiaII (Jj±uj ^3^ ^5 .AaI^JI Ja ^^xlill^ ^jl9^11 (J iu \\ AJalxxj^ll 
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la! Jj^VAl ^jlAaj (j^S^ (j! (jS-GJj .46-4 (JSaaAI ^3 JSjoij (Jj.aVAI 

^tliL <jl (j£-<uj . Jj^ V'AI (JjjIj ^Ac- US) tLlj L^lijjl jl n US) tLlj ^U^. 

j^i jiLi ju ^ us) cwiai c ^jpVi jsi <46-4 jiiii ^ kjL. duifiii j^ji 

^3 US jUAj! ~ J^^kll cil^U ^-9 (UIj UljJj!) 0 Ja3 JjJ (jl (jS-aJ j^tull j\ 

jjjl jjj CjIjW^II (jS] <AAjUu (jUsVl ^xj U JjAaSSI cJj^-g <jjSj <U^j <47-4 JS^ll 

• ^Ul (_gAj ^^-1 j (j-a (offset) 


.(_U^AI Aic. UUj ^^^Vl ^Ac. l qljIVI (jjj cjISU^I V <^x3l ^3 

^AjuAjolLo S^)jxj-a ^xjIs j (j-a LjjS-a ^AL^AI JUAjl — (Ja^A! ^ Wm (j^Sj (jl (jS-aj J-i^A 
_jjj»,*A ^UaLuaJj j^s. n (j^*-° (Ja^. (JU-a (cjj^jH jl (JU31A CjUljJj!) 

.^ALjuAI oAa qA1x!\ (JUAjI — Ja^A! cJ^L-4 S^SjAa]! ciAjWUI 3^ Vj • lj>j^)U ^ w^ll 


Uljjjl (Jj cLjaj^U ^Ul^. (jjul (^Ac- aUAUA! 4_nJ! (_^s JUJ! <il jLaAl q^Sjj 

. Ug,*! )) 1— LLuU UjI j C Us3 J^U 



A-^Jail 4 -vjq^U p,UaJI — Jaa. d jLa>]\ (_ r Jajll!l JjLuII : 46 — 4 JS.uA! 


410 



41441 (jliil Jju : 4 7 4 JS44I 


5*4 Ax. 

4jl£)Ij aJU^)! Aj^all Jlxijl — A ^ 0/ | Ojli£}lc. 1.5.4 

JUijl -L^YI cAS^s. (4.102) <H*4I t(plane stress) 
uh 1 jl] (4.101) aJjL*- 4! tjlxjl Aj^lj ^9 ^^.LaII 4JjLL o jc. ajo- 4 ^ 

.[(4.100) <11*41 

9 j a 2 j a, — 5 aJIjS (4.103) <11*41 ^k j a v j a x el jLc. Jill 2.5.4 
SJU. ^ a xy ja Li -^441 SJjLL 1_j4I ^k ^^441; o' l> t . 

LLlil (j£ ^_9 i al_i3i^ I Ole. AjjLiLj sLj'i/l A jil n i <i4 j 

aLaL <!L. ^ (4.1 17) <11*44 TV^, j 7V(, j iV(. j o^ J44 3.5.4 

•M=0.2 j dilLla 444 ^ aLLoL Cjlalij 4li 
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4_2»jii-a SJLa. (4.1 18) iljlstJLj 0 cr* 1 ' o* c 3^ 4.5.4 

• M = 0.2 J CjlLla CltvL ^ AjlL-aiLa dllalaj dlli *Ljl2a 

(4.1 19) j (4.118) ^ u' c> 5.5.4 

j^Loij M = 0.2 j dilLla ^ djlilaj cJj «* iLiL SJLi. 

. 4 jiLla A^jjj^a ^9 Jaj^)^u 


CilSjjall La ilihlg^VI 6-4 

* 

V ^(classical lamination theory-CLT) 4*id£II 

4 4 ^3 ^)g,3-Vi T zv j T 7X j (J _ (Jaa 

djljl_g_^VLj ^-axjjj .48.4 ajjII ^3 N x <xjJal_k *UjLa cAsls^ dili 

.SjjUioll cjILUI ^ jlauJI ^Jc. ^ (interlaminar stresses) cjUjUI jjj L» 

A-iln]l ^ jj-u.21 ^Ac. ^)j£l 1-Q^-aCL (j^£j V] t djl.q \h\\ <_jAjJa <_ja LS^" 

4,*\\kt.s*W (_£ jjjud-o ^^3 Ja^3 (CLT) 4 j.\)UM 1 ^ Aj^)iaj jnxi .<liLail 

. j)lbuiA 4_SU. (_£^ 6 ^ xy J ^,. J (J t 

^ llui'l ^Illl dlljl^yi (j* 1 Aj^Jaj (J^’ulV’l V tcillj 

L-oL^jI djla±)a]l Lq 4_i]l_*Al * jj* ij ^A_x3 

(Jj^aS 6^1 c4_i£^a 11 A-liLlall Aj^) 3 ^Ac- S^LaaII JjliikVt L** \\, \W t> 

<ji .49-4 ^3 1 _a£ ll^.V ijijLajIall (Jj-aS ^aj j <iL^JI e* il qiAali 

^jiiiji *y 3 X cj 3 ^ ^Ac. 1 g.\)J ^ Ljajl AJaLuiJJ 

. AJlJ-a**u*iV ^-q La^M Jal_Ajlj ^ ^-uisLlAi 5.6 
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Pipes ^jjujLj (jfr) AljLa dilillj Citj SjiaUia 4 jAiia A^ji^a AmAjA :48~ 4 

([12-4] Pagano jteLj 





43laJl ilP I'lVIitl Jl<39 


AilaJI ja. CilSJail J^a :49-4 Jtill 


t lfrl£ a) y tLua. 2" V1 j <7 V 1 ^js cr^ ^.. Sj^laj ^ jUv'i 

AjjljJjall 1 ^j^a'u.;'w.;j - 4 jiblall 4 ^q, <iL^, ' V- 4 . .-V 1 . ^ j 4 4j' ^Ic. 


: 41111 Je. JJill A-alaV 
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j! A jQ 4ill A L r ul__^a^ A jQ ^11 A o^^Jl ^Al^^Jl Aic. — 

A_illc- djl^lall (jAJ ^-alaLi]! jLg_^.Vl jl jj AlAlla]! (jAJ (_j-aall Ajljl^-sJ (j^£j 
^3 (_£^11 Jojljpll *■. inA <jl t 1 jj tLg_j£-GJj c^.1j_j3 ^± 2 *. 1.1^. 

. ^JaLlAll o AA (Jj-g 




AS 


ll^)J*J 


l* 1 ,Wl — 


Ajq jl^ll A .lAll AjIHa ^3 (jjl j3 djlq^lill 

c^IViai V t ^_iix-a!ill Aj^lsij AA\k Ajlg_i^.jj jAuj ^ I3j ^,,‘W 
<jl M\x jj . ^A-ll IVugVI a^-Ujd^. CIl^LgIx-g ^3 AjI^jjIj AjI djl^ixlill o^A (J!1 g 
jLg_^.Vl j \/ J 7* j T zr A il qilill Cllljl^-sJ ^yA A_^jLill ClllilidVl 

^)3jj Aj'AJ-^ 11 A_^aix-a]l Jj.1^. c_J^)3 AjI^ixaII J 0"_ ClAiilidVl (j-iJ 

.AjIHaII ^3 (Jj^jl ^ill a^A (Jj-q ^jc- AjL^.V1 

a^)^. A.J-ajj.j.1 ill A_1L^J1 ^3 djla^lall (jAJ jl^-^-Vl Vjl S^jjall aAA ^^3 ^"ijui 
AlU Jill (jll Ajljlg_^.Vl ^j^-Lg ^Ax-aj cAiJIaj i^alijujj .A_1 jLg CjISISj All j A_jIiLa A_^_iix^al 
c^xj LuS J . AjjJViII ^^-JJ^aAll dlLSVI ^*-J A<u3 ^Ajj .Ajj^aII AjjILg JLaxAjujIj 

* < j i n c 1 JJ -s. 1 A l-> l‘~i ~ n* a 4 ^‘Al-i 4 x <Q t ^ Igjli £ 4 1 4 a djisLs^ dj| ^ 4 <Q 1 1-> 4 -v <Q t ^ ^ J \ 

A^iix^a]! AjIHa La^jjjIj j .liAalill £jIjj j AlUilill All jl^-^Vl (J4J (Jc-UuSI j 

.6^)2k]l A3UJ1 djjq^J-i (Jj-a3 <11 jj A_Aj£ ^‘* ll " > k^)'Vq < al' £_a Ajq^J-ali 

Aj A iliiSI ^iL^' 1.6*4 

o.U/iu ^LuJl Ajj^Aj djlsls^j Ail^A A_1 jLa djlsls^j dlli A-AiL 3 A_^Aj«£a jiw 

(j-o (J£ ^^3 ^)iaLil]l L_njoiJj .48-4 (J^ All ^^3 Lg^ 4-lajaijVl ^Jaxull Aj 

AjI ^ \x \ lAb .aJUtTujjVI j g-lWiVl (jl^j (J V t^.xjj.V^.ll J^A'l j SjLgII ^gajl >/T\ 

^3j l^lllku,)! ^Jj Jaia Nx 1 4 8 “4 J^All ^3 A jq^3-al' A (J^aj 

.l^UaAl ^a^c. j Z j y (JaaL^jV! 1 X oL^jVI 

(J A-j^jVq ill ^ jq^^'ill Aj^)Jaj (J1 -ajUjujIj A jqiJ-all A *\jqx^ill o^A (Jj-g (JjlVi j$*j£u 

(jp j ^ jIuaa pL^^.J aJU. >.” 1 V 1 ^UaII aJj^Cj o^^iiAll Ails^l] JUijl — jl_g_^.Vl aAs^c. 

i A-iujjj^ll SjLJI AjIaL^jI 
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(4.154) 




(7 


2 


a 


3 Ik 


"0ii 

012 

0 " 

< 

0.2 

022 

0 

^2 

0 

0 

P 

Ch 

1 

fn_ 


• (2*85) A 4_L^^_3 Cj^ a ) 


o\ 




l *y Jk l 


011 012 016 

012 0 22 026 
016 0 26 066 


** 

r; 


(4.155) 


:2_iLi loll SL *\ a\\ IvujjVI 6^.Lui2k c_l^_aL*-a .j 

4=Z( SM z i - z i -<) < 4156 ) 

i (JLxijl —6 Js\\ dila^Lc. jj£j j 


&=i 


X" 


X 

^12 

0 " 



0 

= 

^12 

^22 

0 

£ y 

(4.157) 

0 


0 

0 

A66 

_Ky_ 



6*,, = 


-A 2 n x 

A A A “ 

X 1^*22 X2 


<X = 




// A A “ 

^*1 1^*22 ^12 


IC-UaiJl Jlxijl Q^fLj 

(4.158) 


^ O - ^ (Jlxijl £_a j . A j'qiliH (7^3;) O - ^ V 

cA-ixJaLllI Jj AiljJaVlj o^LaII Cljljjl^.j A L~\ 

:(2.75) <bl*J JL*iiJ 
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*1 

S 2 

Ju\ k 


cos 2 #-^-sin 2 6 


A, 

A, 


22 


sin 2 6 — cos 2 6 

A. 


‘-n 

2 cos 0 sin 9 


l+ A n 


A 


-22 . 


- I -I& 


AiN x 


A A - A 2 
^*1 1^*22 ^12 


(4.159) 


AjjI^II (jjjiiila A j'q A ^kjqx^i s-Liil .^u^i n 

* * 

J*ili J . <J x jl^Vt (jjiij J] gJljall -CC j + CC o±uj\ jl' Lfr lc. 1^-aLJI 

• 50“4 (jdJU ^jjl ^jlj3l3^)]l 

vnj c(^j-aS Jlxijl ^jjj) A j'q \h A (jjjlA j 

Jj £ j£j j cs ^ 6 ^ xy 

50 - 4 (_]£joi]l ^3 ^\Vn vail (. J ’\\" l i-a'i . (JLxijVi A_i^.lj (j-° A-^IjIa A )Q ^ A ~\)kks-i 

Aj^jl j1<g £-a tcdlj ^-saall V J .o^)^JI t— cJ^la is^ L>^ 

^uij^alill Aj^laj IVi i\ .6^)^. A-9^- AjI AJaLoiJJ .1^. jj t A jQjlill A (_1 a^-a] 

.A q^ (J£ ^Ac- A j^JI -la j_Jjoi (Jj-alllAll l^-iJaSllj (CLT) A-j'\jV^^ 
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.51 “4 ^^3 Ajjl jll aIjLg Cljla±)a Aj^^-ill 

.Aj.^jV^'I Aj^laj £ 9 jJ c 3 ^J ^ X y A, i 5 aj Ail^JI (jC. 1 -lixJ X~Z 

a_^.^ 1I cs^ ^ i vv 1 V AiL^JI Xic. Ail 51-4 ^jjjjj * JjILoJIj 

JJ <iLjal AiL^. AjS/ ABCD (jl c_±^j Ail 11 a .ABCD 

•CD j AB ^gic. j q^' l c C5 iLkJij ^g-oLoVI LS ic. iT xyiS *- (jl *. . ^>j ttilll 

jxa (J^-o lJ^ u' ^ (_^U 1 *A^.yi <• t j tx oL^jVI 39 j c5 uJ -A 3 .^^' j 

t xz (j^-<ia]1 ai^.^ 11 jlg_^.yi .ABCD a^.^ 11 ^Ac. ^A1 v>j c^l^l t X y 

3^-1 3* *AJ^1*A1 <iilal] ^A (_£3^1) ^j>*i> 11 Aila^-a Jiuil ^9 .l^.jj <jl ^>J ^lil 

c_J jfl Jal 3 . 1 ^. AjV 1 1 1 'T xz O J& C) ^>J 4 ^^A^l-Ao cJ ^ > j 3 *^ Uj' 

A_jj£ ^jc. ^ n lijl ^j-Q j t (Z" xz ) ^Ig-^y! e_a^xj lijl ^c.jll AiUJI 

A_iC.^ill S^)lall Ajj^aII Aj^jlaij Ajbtliuj V 1 OJ*^ Ac-liSjl A_^.J^ JAlau 1 n^Aj cl*ij^)A 

.ytai 


t 



AljLa liililij Cjlj AjlJa 4 a-Aua! jail »■ aaJI lalaa a :51~4 JS^Jl 

4 J jjaII AX-L^a 2 . 6.4 

4 [ 1 2 — 4] _jiltljj (_^ijjlj] 5jj^oll <JjlL<s ^3 tjaJJ 4_!L=. c> 

JUijl — jl^yi dilfl^lc. (jj^j .1.6.4 S^ill aJLjia ^glc. jI*jV1 a_i£>Ij aJL^. jliic.1 

:A_ljaUJj]l D^LaII CjUUII ^ ^llJl Ajj^ylj A^lJo (j£S 


cr, 


C-, 


' r c c 

'-'ll '-12 '-'l: 

c u c„ c 


22 


'23 


c, c„ c 


*■23 


'31 


'12 


0 

0 

0 


23 

0 

0 

0 


'33 

0 

0 

0 


0 

0 

0 

c 


44 

0 

0 


0 

0 

0 

0 


c, 


55 

0 


0 

0 

0 

0 

0 


c, 


66 


7 2 3 

731 

7l2 


(4.160) 


d il.nl ^ Ig.ic. cl -2 

j)*dill ^Ic. 4 _iiLla]i 4 _^_iij-£a]l 


yz 


xy 


c c c 

^11 ^12 '-'l 


13 


c c 

^12 ^ 


22 


c 


23 


c c c 

v_/ ] v ^23 v_/ • 


'33 


0 

0 

0 


0 

0 

0 


5 

c. 


16 


26 


c 


36 


0 

0 


0 

0 


0 

0 


c c 

v -"44 


45 


c c 

'“'45 ^ 


55 


0 

0 


c c c 


26 


'36 


0 0 c, 


66 . 


^x 

7v. 

7.x 

7xv 


(4.161) 


— dlliA_C. ^^iaxj 


= t/s 


*v=F> = ^ 


(4.162) 


y =17 +17: 

l yz z y 


r zx = w,+u. 


Y = U. +V 

/ xy y x 


.AuILjJI 4 ^ 0 UI Ji 4 ua’Alj ^ (jlfidVI J] 4 j*n ill jddj dj 

i dulj — X L_ai^)laVl ^^ic. 4 _xJaLil« ^JlJVuuV 4 jqilill 4 dlda^pu lij 

— dAiL/lc. ^Ic. ^jjj .X <jc- 4 _la!ljaui dil^l^^-Vl tAjdc. 

cJLxijl — djliDlc. c(4.162) 4 AjIx-<AI c^L^jl ~(JlxAjVl dilaSlc- (JI.^jTujAj 
< jl Ja^)dAI d 1 Vi djl^lc- t dll j ^xj .(4.161) 4JjLxa1I 

c^)Aal_li]l ^a^C- j ^)iaLii]l Ja j^)d ^a^)3 ^xj C(Jjj-a^Al dilAj cJailS Z j y I 4 _xjIj dll 

:4_JUJ 4JLola1] ls ^ 

u = Kx + U(y,z) v = V(y,z ) w = W(y,z) (4.163) 
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I \ q j)\ Jj dlV Ajua i CjC1c. t (J j!laj J 


<*y,y + T yz,z = 0 ( 4 . 164 ) 

+ = 0 


L<u3j — ciila^lc. ^ c(4.163) aJcI*-<J 1 Jl^-a l 1^/‘ u ^ c*j 

4_AjJali!i]l aJjIx-oII qj& ^(4.164) aJjI*-o 1I jll a diV*^l*-all ^a c*j 

:<a±La J£J (j jl jal 

CJL„ + C 55 U. ZZ + C 26 V, yy + C 45 V ZZ + (C 36 + C 45 W VZ = 0 
CJJ'„ + C 45 U, ZZ + C 22 V, yy + C 44 V, ZZ + (C 23 + C 44 W yz = 0 ( 4 . 165 ) 

(C 45 + C 36 )U, yz + (C 44 + C 23 )V, yz + C 44 W, yy + C 33 W, ZZ = 0 

A_ijlii]l Ajj^aII Ajjiill A j\ x filial 1 C1 iVcI_x-a]1 oCA l^W’ia i V 
cjcali V { -. i\3-i“n j . aj^ViaII dila j jil] Auju^aiill Ajca*J1 Aib^jall (JIaxHuJ ^jj 
CIjIjjJjula oCC. A_iiLla]l A .aJLuiaII A-C-l us * (JIa^LujV AjJjJlaJl 

A_aj3 AjI Aic- y-Z (_£jOjola] 1 ^ A jqiJ-ali A_^_iix^aH ^JaLa ft^uauall A <v3Via\1 

: ^JaxJl ^c. tudli dc. .52-4 cJ^Call (j44J cx ! 

r vz =0 cr z =0 t x , = 0 (4.166) 


IHil^2kVl A-gjCc- A_i^.^)l_aJl AiUJl ^ic-j 


T =0 

xy 


°y= 0 


r vz = 0 


( 4 . 167 ) 


I jiallill A_uj^Lx-q Wj S^JalluA V ^ I_J >» . 1 A_jV tZ — 0 t 3-a aai ^ iiajai]i AiC.^ 


419 


V',(y,o) = o 


U, : (y, 0) = 0 


(4.168) 


W(y, 0) = 0 


Wj V J U . AjV ty — 0 11 .Ijc-j 

lo ^jJaLlla 

F(0, z) = 0 6/(0, z) = 0 (4.169) 

W y (0,z) = 0 


Ei 

| tja*0 O z s0 Tjx«0 


h* 

ilo 


u j ijSUL. w 

jBUiJl 4 -^Uj v j 1 


A 

U-VsWbO-^ 




iiimr 






ull (du 

ji . . 
























Txy = 0 
► Oy=0 
tyi*0 


* jBUL» V J U 
jBUiil w J 


([12-4] jjlc-ljj O c ') iajjJJIj Au^lLiJI (jjljill Jjlaj :52“4 JSJill 


Jaj^jjai A La LS^~ ^Vi*i t(b, 2h 0 ) A^lalA]l AjjI^ AiC- 

^uaj <jola^J 1 Ja <_jia^)3 ^aJ Lo 1 jj Jj. W,M1 ^Ja^Lo <1 Luia11 £-gj 

Laa Lijiilj ^IHL jUaUll jbjVI .jg^jj t jui^j 4^»jj .diSjll 

(numerical) 4-p^*JI a nib Ia^.W-^j 

. LajI^ ^jl qqVn iljjLo (_>«J Ja jliikl J 

5! * 

.Aj^ViaII Jjjl jill <3J^)iaJ (3^J1 ^Jc- iLajLoi La£ 

Aj^LaII JaLiill ^Jajoil^J 52-4 ^3 l.Ag jlj ^)Lola] 1 j i'qJViaH 1 

^Jaxal^J <Ja3J A CllV ^LxaII . (^jJAa La£ <LIxAua1a j -IC-Lull A a)o 1 ia 
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Ale. (Jaxjjaj A_iilkj A»iaIaI (JaI^c.j A qjVi.aH A_i^}£^)a (JaI^c.) Aliia ^JaIc. 

T xz ,(J. i jI^)a2iaV 1 Jaj^jui (__3j'^"l i^aJJ tdlLaJaSl Qll ^ mil ^Ja-udll ^C. 

.^-Inll S^laLiLo AjjLq Jallj .Ij.W'n T y _ J , W, V, U, 

^jjC- A jlv^. Aj^i^. CllV ^Ixa Ax-^a^a AlVA_1]1 A jg ViaII Jj^I^SlI! Ajla 

CIlAj A_C.^a^a]1 ^3 C1iV^1-*-a11 O^A *4-jajl^jJA diV j Via Aj^Aj .1^. jj CIli^j .A_udjl_V±A 

(J^.1 ^ja Jalilll ^ja ^}j£l 1^-lC- ^)aV 1 ^lli^l l^j Ail ^jJal ^11 ^ja j .Aj^IaII Jalaill Clll^)A 

.Ij^j^JjJa L_JjjujL^J1 ^Jj-£ 3J t ^aIioIaII (J^)a]I ^a-ud^Ji 


^ulU 3.6-4 


£JjJ (JaIx A_i]lx V uM^jX C_flLl]lj (_£j<La]I ^JA Aj^^A SjIa (J^.1 (_JA 


Ei=20 X 10 6 psi (138 GPa) Gi 2 =G 23 =G 3 i=0.85x 10 6 psi (4. 170) 

(5.9 GPa) 

E2=E 3 =2.1 xlO 6 psi (14.5 GPa) v l2 =v 23 =v 31 = .21 


^gJaxJ <(a£LuJ C1j1^)a (_£ jLaj) b — 8h() *■’* A yhjo A_^_iij«£a ^3 

.(z— ho) CjlkJall (JJ4 ^Ixudll dAO "T^ J 7* J (7 x dlljlg-^Vl dllc. J)jJ 53-4 (J^dJl 

^^3 A_j,)jVq ill ^ jV.Vill A_j^)iaj A_Lajail^J A_x3 jHaII dll dg-V^l (J j^-aaJl IdA ^aJJ 
T c 5 JLju ^J (J v (_j-a3l_iii co^j^Jl A-Sl-^JI ^ja L-jI^jjSVI £a Ail V] ^ja 

dllddi.VlA (JIajLiujLj^ .(y=±b Aic. A 2 k^j) Ajl_g_j^Ul ^j ^)ix^a]l j}A 7 " xz dl^JJ L 5 ^ ^V1 (j)A^ j_j 

^3 (ddlj ^jC. dlljLg^Vl Lg-iS L qV'iVi ^lill A ^IVaH (_y b^)X <jl ^jIaj ^aJ t A jqJ-ill A_^_iix-ail 

^laill tl-lA ^_ja .4ho t A jqiJ^all A "■kj^^ill <£Iaja L_l^)Laj A-j.ljl'qill ^ j^x^Vill Aj^)iaj 

a^Laa ^^3x3 .AiU. jl j*^ ^jl ^Ic- A-j.\)V^ll ^jL^oSI Aj^laj ^jc. ^.Li^jVI 


Aj<.ti^»\l AS^lxll jV AjSLftx t." Unjl (_^l) Ajx51j i" Unjl o^Ull aJlu?)}\ o^A (jl 

• G3J c>«j G \2 ^ ^23 U' ^ J ‘ V3J jl V23 ci?*' l>° A &*a tluiul 
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Aj.’uV^MI j$L* <jl ^)3-V nj c^iL^JI (jc. lljau 4_iiL]a A ^ \ki.si <£Lcujj Ia^jIS 


• A *N. \\ . 


hjj tA^Lxujd]! £_LaL<a L -a ^Ac. lc.^jj t T xz 40jiaj^a]l q±i ll^^j I^Ij 

A •\.\kt.s*W l <ax^V^ (jc. djliLui-Q .lie. ClAjW ole. (J£j1i ^Ac. 54-4 

1 AjILg Jal^j lie. 4 _ia 3^)11 CllliLiJl <j-a l^-^.l jVuJ ^lill ll^^VI (j^ ^ 4_ALla]l 
.Jajuj j$\ ^JajuAI j A_ilila]l 4 ^£^1*A1 ^AajuAI lie. ^)ix-all T xz 4-0^3 l^lli .A xAvl * \a 

j .JjjjjIxJ! ^jiilJali ^ lull ^JajoAI lie. LajIi ^ W ^^xJaxSI A a^W <jj£j J 

tCllaJaJl Qll ^ ,\)\W jJojuJI £-a o^pJl <iL^JI ^Jaliii lie. t IjSjIIj i T X7 1 ^)j£Vl A a \^W 

(Jjjl^jAall (JLaxJjujIj 4_ilA^)J V llA <jl Lole- tA_LoUai ^JC- A 3-iV^ j 

.4_j11*A1 



y/b 


([12-4] (>ujjIj (jfr) .lift :53-4 JSJJI 
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X 



_$Jlc.lj_3 (jjujIj (jc) Ajjjlall A A£Laui jjC cjLLJa!l jjj £■ jjj :54 _ 4 JiuJI 


([12-4] 


CjliJa]) Jjj tlblfaSU £UjjJI 4.6.4 


dJi^iU ^jldljj (JA [13“4] _^jlc-\jJ (_£^)^.l 

dl A a A j^ h*.*i\\ dl_^.lj^jVI Moire A-jl£j ^La*iLjjI j .dl_iiLa]l 


Moire A_jl£j .1.6.4 ^a Aj^^»a]I AJlJ-v'ujy 1 aJL^. ^a aAjLaII dlala^ll 

Jajlr^.11 dl^jd ^ja ^jjJC. j)a-^.a ^Ij^jI ^ja A^dLl!! (Fringes) Ad^dall L-lldfcVI 


^ja oA^I^ £jJajj .([14-4] j^ajl j dlxjj^J ^)lajl^ ^iaxJI l,Ag j>Jox, j ^Jj A_ix*ullj 

A_Ajp. Jjujjj . dlj £_^.^)a£ J tJlxiiiU A_*_daldJI AdxJI ^\c. (jd£adll 

A_j£^)a ^Iajj ^Illl JalUl (jl^A 4-l^JI l!^-^J • 4-iI^aVI .lAjol Q.)^ 

Jjj .^JaxJI ^LsjjI £a l_jI^aVI L_lxAliij .Ja^ixk]! A^d oldjl ^Ic. AjJjaxII ^Ij^jVI 
IVi^aj V) ^-lajoill dL^lj^jl Jaia Ajl A nail ^Jajai ^^Ac. u'lill £daj 

(_jdd (J£jd lj‘l.\lA l_iIaaVI A,1-i*\^La ^j^ajj .(Idajl ^AjJdJ ^AajoAl d 1 Vi <£jd £daj 

(jddLdll a^Ljjj (jdixAl 1 Ag ks*x \ ^ja ^^L-all c > )\, \W (JdiA ^ja ^jdxiaa £_daj aJojujI^j 
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njm £_a t ^A^V c. £_a ^jjjJa ^jiaJAjJ ^jjjjJjIaII 

.jllJI 

(_£ jl*]| ^Jajaill ^Ac ^JjaVi CAIjjOjaa oAC (j-Q Moire ^jIaaI ^aJ 

^gic. aaIa^)31 j£jj .dualjc. — ^gjoi^jjuVi (j-G <LjIa Ajjiuu CjIjjxJ AjjIxII AAjIaII aaIa^U 

tjtas jll ^jj£j (jl ^ a.nj ciu^. djUfUl (j jIulaSI aaIaj a£Luuj aaLaa 

Aj^LtJl AaIa^)]1 (Jja aIa^I t^j\, 3 x^ 11 ^,'mll ^jOjoiaII C AxaW a1a^} 1 l aKj . q\ AjAVujja 

hjj .55-4 (J^xA\1 ^)jajV 1 C_fij-aA]l <A11 a ^jJJJ Ia£ (_£^1j!1a (J£joi ^Ac Jl*A£U 

.S <_jAc Moire ^jIaaS/ lju' i 55-4 cJ^jAA] <ja jVI ^Jc. 

cMoire ^ja^A asa cJj'Vi <ja a^jIaII aj^j^aH ^il^Lj^jVI 56 — 4 J^jAAI 

. ^jlcljj ^ujjIj ^jC. Aj j^)a] 1 (3^ ^gA] AiLAa^lj 


^jl^Sj AjAic ^cjAj tAjai Al^V jj^s.a'1 ^UaII A-iilj A9l£j AlbJa^pu lij 

j)\ J±a ^Aj (Jj>^ n j AAl AtujjVI £a^ (JjiaJjudA (J£jAj Aj1a21 ^A IjAJ^a aAIAi*u J ^j-«a9 

A^-iix-all ^A AaIa^)] 1 A_ilj (_£a 11 n]-»ll (J£joA1 ^A (J£jAA1 IaA (jl .^!)LiJal 

^jjjj^lxJl ^jng ;)-»'! (jJJ ^gAdJl ^-AajJl (jc AxJij cIP^J ^ IjAj91^)a A-ALiall 

. (1 Ag nj ^ , nil! ^JajoJl Aic qiMjAtThaia ljj£j ^jl l_i^j (jlAllI ± QC (jt 


JlxijVI ^C t (J ja V' lll Jj 9 Ja^ Jjaj c55“4 (J^Adll ^^A (Ia£a 


c^aIIa ^ja ^c. jll L5 Ac .(j-a9 Jl*ijl Jl Ia I aa j 4(JjI a (diagonal) Jj 

^^9 1_*j^)juj ^_j-a9ljjjj o^)aJ! AiL^JI Aic. Lstij^jA (_^AjI t Z - ^ (_> £a ^^ U-J^ 

AAjjall ^9 JaaJI AjjjAA ^Jajoill 3^-j a\^L^\ AiL^Jl ^jC- 1 Ajxj 0 

.AjA±la]l A^-iix-a]l ^jaj ^ja l_j1^jj 9V^ Aic. AAa AaL^JI Aic. 1 j\» 11 


Ja^]! ^jC- S ^_^P- AC- liil l^_jl_iicA ^Aj!1a 11 ^Jauill (Jlxijl j£j cIa^A j 

AaLaJ >>“ n*\ 56 - 4 ^A ^_jjjIaa 11 (JLxijVi ^AjIaII AC liill lAA ^aJ AAj . ^J^UaiaII 

.aaIIAJ! (j^ djl Al^-2k,^U A^^.^]l ^Sc jU jJl ^aJ AA (jj^J .1 jtlAA la9l jJ 
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([13-4] JauIjj 6 s ') Moire :55 _ 4 



<jfr) Z=2h 0 tAjSJaJ A^aiua^l ^lajj ^£- ^jja-4^1 ^LJWI :56“4 JSJJI 

([13-4] Jjjj'Jj 
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Cjlili ijil Ci) j AjiJa]) ^iliuaJt ^ ulAikil <jjj Ljl-Jlg^Vt 5-6-4 


4 ^ Q \ ]-> 4 *v j i ^\ Ajjlxll 4 Q ^ L-> \ i L Oi/i'il ^ 4 \~% ^ ^'q\ 1 ^ \ 1 «> i n-v \ 1 \~% ^ \ ‘\* \ \ 

J 1_uj Jill c (T v (j! <j^4 tljA .57-4 cJ^juoII J [90°/0°]s All ciAiilsj Cjli 

J-olc. J L_£^lHkVI *. t iiuiij ^_iix-£aiill AjJaj Jj «^-j4 (ji <• t j l^il 1.4 sjall 

^gic- t ^4 J \!h\\ Ar\ jx«-ill CLjljjljLaJ A \a*\ ^^3 90 J 0 djl_a±Ia]l ^j4J ^jjjujIjj L_Jjudjj A jj-oll 
6^^ (J£joij ABCD Ail-^. j^JI 3 -iIvn^ ijfiS . j^JI ^xxi'N.ll jjoijVI c_ijL^J1 

ty oIajVI J S jail jjljj .ABCD Jc- <r .i^jj J V *1 J t^jxjVI 

-I^.j4 <jl c > v^kj tcdl^ ^Jc- . "T y oL^jVI ^3 <j£j-g -li^-jll ji_g_^.VI (jj^ 

c_ij!_^J! ^Jc. ^.jj <jl zj cjVj oj^JI AiL^JI l_jj 3 Ukll j JgxxiB 4_iilall ^Jc. T yz 

^jxll (jjl j4 cl^l (j- 0 -(^ 4_lilall (j-ajVI L QxrfVlH (jj* f. jj JjjjjVI 

^ic. C7 ^ajc UJ 1 JA? L5^ Ac- l-x_xil\ (jl ol-^jl Jj j3 jj >». tx JJ^-aII J j^. 

^ A‘i^l 0" z {_J^1 • (T_ jA ^ajxll I^A j3j 4 (_£^1! .li^. jll jLg^Vlj . jjujjVI A^-jll 

^9 La£ t^jujuljj jjlc-lj (j^ajsl ^3j .Sj3 ^3 Z oL^jVI (J^j (jjljJ 

^5*^ (T z (jl Jaa.V .[15-4] (J^ALIaII (jj^A ^ja^4 (^^11 (T z 58 - 4 (J£j^1! 

<al_^JI ^jc. Ajl^_i>UI Jj I-ajjj tAj Julaiill ^ )Q i Aj 1 ^ ^ ^ ^**i\ l 4 qU'a! 1 ^3 

(Jj-saaj (J ^ A-illc. Axi ^aJ3 c > lu/n <jl ^ jjJajj tA-illxll T y _ ^43 (Jaj 1-<^j .0 j^JI 

.oj^JI AiUJI ^ 4 C- dllajlall 



All *sf\A CjISISj lj|3 AjLlL 4 ‘VjSi^t (4 a J j Jll) j^ll ^***>11 :57 - 4 J^uJI 
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<Tz 


hL Ja 


([15-4] (JujAjj ^jlc-b Ci\ ijhll (jjj La l _ r alaU :58~4 


iLjtLJail (jjj La LIiL^iLSjuI 6-6-4 


^jl ^j£-aj ^ a^jlfla --41 4_i£^-a]l ^jl djlaaJall ^j-n La ^ ix . j 

J jl 4 -- a - 4iU. ' V- dijl£ o - a' i " '' &fL11 

t oVLJI J£ ^ .SjUI i^ya. ^Jc- (J-ajtliuaJ (Jj^> xxi) Cliljl^j AkL jl 

J tAmll ^j^ao^ii J ojLjjC.1 l * ^ \ 1.J tl JLxa laliV cV^il^'l tjj-sa2 l > luai (jl (j£^J 

- 4 JQ jQ-n. \\ 4-ljljjjill 4 \ Wi 4 '\\9 \\ (Jilai V 4(_£^)V^1 4 \\ -N. \\ 


4_ii±UI 4_^aix-all ,\u>i'n £jl2L jjIjj ClAjall (j^ La CllljlgV^I (jj (jl 

li ijJ cJ^ ([+15/-15/+45/-45] s J*tf* [+45/-45/+15/-15] s J ^ISlSjB 

La ^-AlaLill jl_g_V^I (jl [15-4] (_)^Ijj jlc-lj (JaJial . aOAja-aLill Jj 4 _Ax*u11j (_£ ji_-a 

jjQ V ^aJ £_j\jj jna'ii Jl .iLill (j-a ^)jjuj J j£-aj c Q~ t Jl.Qx.Jl (jjj 

^J1^2»«J L VlV Jill L__lxllll VlLjllla (_J^. [16-4] JJj (_^J (j-a 1-ag.l.ac. 


[±15°/±45°]s Liilalij cJi A-iLL jlix-a JV (j-o (173 Mpa) 25,000 psi 

4 _itiAl! J (^^>^1 lIjULij l j .(jja£*j ± 45 ° cAiliJlj ± 15 ° ciilalajl Jlj-a La^ic. 
UU^-a jjIjj V t 4 _j.\iV ( i'‘ill gr J-Vill AjJaj J £-aj IjQj^ 4 _j£UI 

ji 

(j-a g.1 ‘iViVI CllljLg-V JxiLaLi^ ^jjJalill £jLiL Cjbl^yij <112aJjujVl ac-Ljd^. Clj^LaLx-a 


.(JajoijVl Jajudll JaLii L > IUaij 4JUa!lujVlj c-lW ‘iVl (jjj (jl J] V Va^li-oll 
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jjlxU JC.J jAijj • ^ 3 -ia*^ L5^j*^ A’lU;3-a Jj«^ 9 jfLlJj (_£j^ -laa.V 

4_l^ilXA CAlq^J-iH (Jj^aS ^jC- (J jj^joiaII jA (J4J La ^,a1iIa 31 (jl ^3 (JaJjLjj 

. jta c > \ua\ tiiij j cLaIaj 


^JLaj o^JaLilA 4 \$\ \s 4 -v <q t ^ ^ L>'q a \ ^ 4 q ^ L* ^\ 1 ^ ^ ^q\ 1 ^ jn »> t n-v L->1 tn. ^ ^_ii*_il 


(JSjAII ^9 US tx oUAVi (Ja*s. 1 4_iiiUa]l . 59“4 ^9 (." )\ 3 J-i 

<iUJl Aic- cj aU 15° <ULa3l ^9 o’ ; AjoJI 4 ^>UII 3-i J tn a ^9 .48-4 

(jl (_)aJjLjj ^jIc-Lj ^ajyki . O’ , 3-ix*,>i a 1^2*J (j- 0 (jaSxll 

CT (jl Ja^V .[15-4] 58-4 JSA.il US ^U’n CAUlall (j4J La ^-AiaLlll 


Ajc. Ajlgj^UI Jj Lajjj iAjAjliill ^iix-a!i31 Aj^)Jaj l^_i9 J^3-i‘n ^j]l ^IUIaII ^ ^Jj 

^jU. 45° cALaJall cii*jjaj IaI .ajSUIL jJI ^li cj v q^Sjj .S^aJI 43UJI 

tlA^J t *LjA)UM1 4-UujI^j O’ 3-ix*,>i £3 jA]I <_jSaj lA jQiJ-iH A j sUx,-iH 

.aSL Lll k \kt.s~i\\ ^9 Jx-a9 ) V (j! ^Sa 1 j t. L->» •>> jl_g_a.j cj _ (j^Sj u' uSa - 


JSaJI US tASUUI ^c. ^ jjjj cj ^ (jt (_ < )iijijljj ^jlcU (jA^j c<a13a 

-4] [15 0 /45°/-457-15°]s j [157-157457-45°] s ^*2 jJ <> 60-4 

J4a3! c > \\i.x\\ J jV 1 ^iSJI (j-o 1 <jL1a jjS-V I ^jLiill ^W'iaj ^jl 4 -l^j t ^ jjjaj JSjj .[15 
J) [457-4571 57-1 5°] s ^ J ^ t ^LU c 3iaiA :3J cUil ^\ 

[157-157457- ULJJI a^a^W a^J! CjIaL^V sIja caVLu uj^ cjIaL^I 

JjJUJI ^9 djlajJall ^j4J U dal jig ^kj ^jl (jU ^jSa \ .6^3 LJJ^J 45°]^ 

(j! l_i^j <jl ^jaiUIuiaII aj^. j\\ ^aUiaII ^I vru.VI ilA] c^jjSj .<3jLa1a jSj I a] L^joiaj 

i^yA ^^3^ ^AA JU ^UA ^LlU c 0" 7 t A’ il ^j4J U ^Al-alAll (j^Sj 

. 4_UiU]l 
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(jjujLj ^jlcL ,j&) a 4ijLa Cililij Citj AjAjJj jaJI «. LL4 a :59 — 4 JiuJI 

([15-4] 



Oj 


.1 ii>n i il l ^ jl ii 


1 


157 - 157457 - 45 ^ 

157457 - 457 - 15 * 


js 


,jfr) Z AAiia AAkia CilaJaJI jjj La < _ r alaU2! Jjjjj : 60 — 4 JiuJI 

([15-4] o-^Wj 
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i djla±]all jjj Lg ^j-o dlja O^Aj . 1 ^. jj i <j-£3^Lk£ 

* 

(Jal jJ JaflS 4JUa!iuj! — j-saa j!jaj [+$] ^jl^x^il! j^Jaj ^1^ 

. jjj Lg ."n^ j]! j\ g'>V I 2" v _ j jfL 4 1 ^ djLajiali jjj j jj3 jj 

j! jS! .1^. jj Vj djla±)all jjj jjjoi! JJ 3^ -^3 [0790°] 4_iiLla]! ^cjUx^JI j^Jaj ^2) 

JJC- l~\\ a <U\i Jjj 1^ Ja^S T xz J T v „ jjf^J i!«^ . ^<1 U-»‘uJ — (_j-sa3 

• j Q - ^ 4 > i' 

-laj!jj 3 jxj 3! [—^1 / i ^2 ] ^ jfljJn]! ^jlaj^ali (_jLo o!>lc.l Jjj Lg C1jIjj£jj jg Jaj ^3) 

Lg (T z j 2"^,„ J r xz djl j\ g “3 i^IIIgjj djl-lilal! jjj jjj»u! jJ (ja! jj j ^JUailujl — j-a3 

. dilkjla]! jjj 

A^jqx^il! Slj^. j 4_jti-Gj Ss-Lui^. ^Jj 4_idi]Li d)Ll3a]! jjj Lg dl!jlg^V! 4 _ia&! Ih"ii 
jjjxj AjAil^ill ^j^x^aM! 4jjJaj j! (j! 4 <jJj1a 11! ^iix^sadl! 4_}j]aj 4 3-axJ jj AjaJaSI 

. * j^. \ \ l q ! j-v\ ! c_j^a !^». 4 q u a j .^*v a $\ L> c.Liilxxlj 4 ^q ^ L\ ' a j i ^\ \ aI*>* ^ ^ \f~- a q 

.A ja,j>>a ja]! <jjjj]j A jKI! dji Ij A_ii±la]! A og.\ >»•% C13 LgLc-g jjIjj j-a 

.dLa^lal! jj j Lg d! jI^_^.V!-j SjjIj-g jjg- LjAj^. ^3.^“*^ ^ Sg3*i> c!j!)LgLl-g jj£j 

Ldij i^\Jl^)}\ 4_iLgc- ^Jc. 4-2LtJ! ^ )* x^jaI! c!j!jI^_^.V! 3. u -°^ (j-Gj^j i(jj^.! o -0 

ilq^J-al! (jj j Lo dljl^.V! 4 !«^-j .a_i>ga! Cili ^ \)» *>*\\ A-ii^l! c!j!jL^.V! Cjj$^ 

.L^jLi^. j AjqiJ-iH <^_iix^a]l 4_jlllo ^gic. 

S MiLaJI ulLJa J^a2 4j)Jj 7-6-4 

■ \u>i‘n ^jIjlj Cljijjij 4_nLuJ! o^^J! Ail^J! 3-aa <]! j )j ^jaILg ^>3*^ 

jj! cJjlij (J^.! j-a 4jq^!! 4 ^jqx^il! ,\u>iV'i £j!jj c-JJJ jj Sjlc'l IjLj^! j^-aj . 43 .^'! 4 ^ 3 *^'! 

Sjjjuj 3-£aa c > ‘dlaji^^ 3-aa ^ (.** )\ <\\]^W j^j Lg dj!j!_g_^.V! 

[15/45/-45/- JLg*^! J <( -6 3 +0 cA£ Ajj! j -LLLala dllalaj 

A^iAjJI j\ A^j-aia'I CjlalaJ jJj 4ja_jA*JI ^c. . [45/-45/1 5/-1 5]s ch4j 1 5 ] s 

J-Ijj lij Ail ia.V -[452/-452 ]s [45/-45/45/-45]s (_$l tSJUij 

.Dij ' ^..v Ay V tAijajjll £jl2i J dililaj 
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<Jlxili L* Jj-saS AJI j] ^aAlLa (jAjJaJJ 

La£ idiLliia]! ^jjj dili-iia^ AJaLi^JI^ A_9l_^JI djl^iuuls (Jja AiL^A] Aj^-^ AiL^AI 

J ^j-saall AJIHa A-laLi^Jlj A_3l_^JI djljjuilla ^-llalijujj .61 — 4 (J^'Iill ^^3 

djLa^lall (jjj djliila ^jj-iu*n V t (JjIIaIIj j . £.Ijju 3I djLlilall Lo A-i-alald]! 

L^j£J caljLo]! ^)JC. A A^_iij-a]l ^j-o (,JjJaal Cjl_a±la]l (j±i La A_iAiaLl]l djl 1 AJIHa 

. (JjJaSl (J^> xlij djLlilall La (_J-£aa]l Clll jl^_aA P jLjj 



A3laJl tjtmiW 



AbbiJl 





<Ja^£L! 1 dllils 
llALIdl La 


iaUi jjJu + 



SjaJI AiLaJI ljILJs J^a3 AJI jl ^aaALLa : 6 1 — 4 j£*uJ! 


<a±La AJLai £-a Aj^^ (J^^Vn V L^All S^)^Ai AiL^Al A x \ ^)JJ3M ^A AiL^Al _jjjxi 

A_£j^)la Ajl^ill AiiiLa ^) m'l .61 “4 (J^L’ill (j-iJJ La£ c^JIiuiaII AsL^AIj ^)iii]lj (Jj-a ^11 j Ajl^ill 

ojiL jjLj V .\u>i‘n £jLu Jj e^)^AI A_sL^AI ^jc. L <lja x>i £.1 j! £jLu <j-a jjaxHII 

Ail V] cl^-Lal j Ij^c. (J^^j V ^jl ^-q j . ciA^A-ill La clI 

asL^AI cl ^i^.! .cLLaJaSI (Jj-^a jj! cJ^ asL^JI l_j^)3 jL^-VI JL^-a 

Aic- A-aJ^La A jq^J-a Ajaoix^a A-aJ^La A jq^J-a A_^aaj-a <_j-a Aib^la A^JIiuiaII 
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o^A djla^jall 4JI J|j ^jAILg A-illxil ^Ja*J AiL^JI L_ll^)jaVI 

•[17-4] 


6.4 JjLuu-all A&jAyA 

I^gJj ^jL^oSI JLojLLjjI <jl ^jA^)J 1.6.4 

— = 2.96x\0 6 psi(20.4GPa) = 1.15xl0 6 /?W(7.93GPtf) 

e x 

— ClualjC. 4_XJjVI (.“lUtln'l dlli AjiLlaSI A (jA <Llia cllljlg_^.l£ 

? CT V ^A Lq . 7"^ o jLujj JaI^j .3.6.4 cluia jj jjJ 

:cjI^.Lj jjVI ^ciiiLujI 2.6.4 

u = ~{C x z + C 2 )y + (C 4 y + C 5 z + C 6 )x + U (y, z) 
v = (C x z + C 2 )x -—^— + V (y,z) 

/n 2 

w = -C x xy + C 7 x y— + W (y, z) 

oIa .Ja^a z j y j dil 1 Lo^ic. — CjIS^IxII 

.(4.163) ^J^lx-all ^gic- A q\‘*rN<all Jaj^jjoi ^nlaj (." \\ ^Ljjp^l 

.([18“4] j ^)lajl I^-IaIj) 
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L>^ 


UJI cUil! 


jl jjAlj ^UjuIj f UajI 


CAa Jail dJJtxl* 

* 


A-4 sLa 1 . 5 


IjLEuI ViIax!! CjI q n)Vill ^jj£ 1 j ^u>*nl .lk.1 il $\h\\ S-I^xIa ^jla*-a]l .bu 

* a 

tAjillall ^j-q -lajaijl Cjlajall oJ^xilo ClAjJa^jLxJl <jj 6 ,\)^\']\Ij .<j£^a!1 

# > 

djl^pLa]! l.li^. V — ClAjJa^jLxJl — ■ )» ill AjjL^I A^LoijVl o^A 

ViiLlall ^jl^^ill S jjA-all jl Axjl AjjIjj 

Al6, A 26 , ) <^>Liaii jl jsyi 6£.Lua2k CJ^/LaLxa Jjl (jLljj (Jj-saall l^A L <a.)g,J 

^_ixj . J->'1 oJ^xIIa jl jiiA^lj ^Lx^jVlj c-li^Vl tSljIui ^3 (Bij, Dl6? D 26 

^A La I^A djla±)all oJ-IxIia A -^\ki.s-i\\ jjl Vi A. \ ^yn^ytln ^111 ^^jujUjjVI (JIj^aII <jl 
?1 — 5 cJ^juoII (jJJJ La£ t jl jjA^Uj c^lx-ijjU j c^Ll^j^U dilajaSI oJ^VIa ^jlax^ll 'aA VuJ 

S - - f > £ 

Sl^Loll <j£^a]1 ^1 ^a! 1 C^Iljl^lA (jC- ^J^LaI 4 J^IViaII <AjLVll djIjijUll fiAA jjAJ 

V-lJ jaaXij jj tdilaja]! SJJIxUa A ^ 4_IaL£ 4_*jjl^p LlA L V'lg 11 (j-<UAJ V . LSflj 

^3 (j^-<^ 1 “ cAj^laill oAA ^jC- Va^UII Va^-aII 0jLiill ^ja 

£-a ClAajall oJ^VIa ^jlaj-£a]l .D^lxo^JI CIl/LaLxa Cjl^)JjLlll ^Ijjjill ^^IxaII 

^-^LLaVl (J^aj *V^LjJaj Vutl^p $.1^)^.V l-l^- LiujLia Lc- ^ < -A yA A_a3l ^a]I (J^I^JI . '~ ^ ' Vq i 

(Whitney) ^ "\yjj . _ 9 d jl aila]| a ^ (jjLoui] (J^Lj * ° j > j yLij 

>- \;lj.-i^ c[2— 5] (Slerakowski) ^_Ua (Vinson) j y^ns t[l — 5] 

.[4-5] (Reddy) cf±j ‘[3-5] (Vasiliev) 
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' - 31 >*. i*1 T ■ ^U3Vl * = jljiaVl 4 U 4 jj* JoLui 

.-.I a^.li'l ajjxla A jj'-v", y <LiuLuiSfl 4iIuiVI :1 — 5 


; 

Aj^)isiill lgj\x Aj^iai]l (JjaSLij C-fljjuJ 


Jaj^jjoill j A_AjJali!i]l CIjV^^aII ^xj j L-Ajjuj .2.5 ^3 ll QiJVl oJ^xlLo 

SJQxLg jl jjA^l J J (il jLo! ^ V AII^IaI! Aj^JI 

5.5 j 4.5 j 3.5 tillj < xiij . a " i^^^'i JV1 c** il f\$\\ j 4<jjlaJaSI 

A j'qiJVl A Clj^Li£joijl AIsI^aII ^IxfjVl j »l.‘i ViVl (JjLuia 

y 

.3.4 l^ix-aj ^aJ ^lill Ax.jn.all 


iVll jiii]l j.iuaVl A, J-ajxj.i i (J£joi] 1 A ljj-» Vi.a A ^)kks~i ^juilo (_]£joiJj ^ Wn 

O^Loi^Jl Clj^^Lalx-a jj! tj?\ i Ig jlc. (Jjx-aVl (j^-oj £-1 jjl ^JjJajJ (J^-l (j ■* 

^-IjjVl V] (JjjJ-Ij tcdli ^Ax. .Cljl_a2a]l oJ^xlLa A_^_ii*-£a]l l*1 jLuj ^3 Ax.jlla]l 

la3j .o.vix a CllV j>a V <Laj^yLa]l ClAjjxx^ill 11 Vi L V^g.i JjaViII (j-a Jaj-ujVi 

. ll q_i3V dJ«l*JA A_^_iix-all ^cjti2 Jajjaull ^JaLllI JadVl V] (j^ajxj (jJajx Jj 


*UJ a2££ CjILUI cJ 3 ^jl 3x^1 11 ^1 tAj^alV. ^liol! Ajj^j ^jLaj-all i^ll’Vi 


— ^a jx. j S j3 ^lAl-a^a cA^-iix-ail JajoijVl ^Jauill ^^jAjjudi]lj o jJaln.all j Aa-salV S.11 xja11 

— (_j-^3 (jljSl jl -aJU->‘uJ ~g.l ‘i Vil (jljSl ^ix jlj j‘i V V 3.4 SjiLall ^^9 lilaV^ l-a£ 

I lip] Qjfp 4 (Jj 3 — c-LlVl (jlj9l jl AJUaluji 
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(5.1) 
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_ xy] 


(5.2) 


A_l£Aj A A_^_iij-a]l — A ^Wl (_)jL*jd-Q (j-G — ^XJ V 

4 A j‘4j>3->\\ A ^jaiaA c^i£j jj $UgIa l^)-ol oJAxi-a d il q.iJ-il jl o A_iila] A_j^lV 

— Sj£l I dilate. J tilSi ^ 5 -^ .JaSa (5.2) aJ^IxaJI ^ Du, D 12 ? D 22 ? 0^6 u^j 

* 

(Jj\ Vi ^ tAJUvuJ — g.livl ^jl^aVI ^ Ajc. ^ 1 UDj t^Viuii V (5.1 y^lx-Jl) Jl*ijl 

« > 

^ I'Wj AjI JslV^ 4t*I]j £-a . g.1 'i Vil V] *>. \Un"i V 'Aujlda^xJl A-lj^Vi Q* 4_^_iix-al! 

Jlxijl dA&j^l ^-o dila^lli^VI *>■. 1 n*ii Axajill (Jj\ Vi ^a Jlxijl - DjaSI dilate. JJ 


.^xalji]! lg ic. ^gi 

Ij^l IjjJaljjal Aj-alV AjAaIoSI ^-jlsj-sa]! (Jj'V (jj£ c_Ux*iJj tlJlc. 

, ; s 

(_£^kVI A_iiLla]i ^jLaj-all ^!lluj Ajla 4^g^liA]l Ajjldi-a ^jLaj^all A_]l_^. (JjLgj 

AjI jl tV-salV ^^-V-IaII Ajj^Ij A jq J*i ^jlix-sa l^jl ^gJc. 
dj^Lal*-a A ^j-«a ^cjtij Aj^jILq (J^lV 4 _jj^)Sj]I I.AA 

.l^jlixjji iAj-alV Ajj^Ij A jqjJnll ^j1_9j-£i]I (j-a Ia jjd ^gllll 4<C. jYiaII og.lj.jj Vi 

cJ^i (j-o Dl 6 , D 26 cJ^ — ^^Vi aIaAI (js-i^W 4(j-aLk (jVYn 

— ^.li^ji (jl^aVi cJjl V jxj .Ajj^li o^jiaLiLo a^U djlalaj djlj a j<i J*i 
dilalij djijj ^lallili a_uj£Ix-q a_i] 1 dAalij djlj AjiLia rtjlaj-a (J^l o -0 aJ13Vu J 
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oAA .By JaL^j 4^j-al_kJi ^^.LiaII ^jjLj AlijjlLoj ;A_IjLa 

aI.YuxiVI A.Jouxn jljpA^lj c^lxpj^lj c g.1 WiVl (J^l cl) -0 (J^Aa dAj^ULait 

Cj^LaIx-aI aHaa^I aIiaaVI ^jj .^1 j!il 1 ^gic. 5. 5 j 4.5 <3.5 dil^pill 

.6.5 ^3 Ax. j UaH Sfrlxa> 

i-tUjUtl SAixls ^jlLuafl Jl jliAl j ^l»-u! J *UaJtf 4-aIaLU) LjVAaA) 2.5 


Aj^jLjjV! gJUJJIj LjLtuai jJ^Vl J JjjaS) 1.2.5 

I^jujLujI ^aj£j CA)x>iI JjSVl J AjJ^ll A-iJlc. ^IaVuJ £jl^)ll (Jj-aall ^3 ^aJ 

* 

A_£j^)laj LiA U . U», i 4 JIa£ 5I (jia^juj cc^Ua £a .djLa±la]l SAAxIa A *\jqx*oH Aj^)laj 

oi tljjAUa Ajjliill tdjLijJal jjaVl j AjjaSI ^Liajojj ^jj jjoi . jLJs AillkA 

(JIa*h»jjV Ija^. (restrictions) a ji«'i . LaLaj A_aii^A ^aHa ciA^Uox^oaH 

(Jj Ujj ^Ac- . ^^IxaJI ^.^joiIIj Jjjkll c 1 A^A^ .V jl A a La| ^A^ tAj^Jaill 

HI .Aj^jIaJI ^jUx^ail ^^Ic. ^-*^^>-^1 ^jUx^i'I (jc. Aj^laj jjxiaJ j)^AJ V t (JHaII 

.jinll ^ac. <> Ax_pL l$J AjjiJI ^Ic. CjIaja^j ^ (assumptions) Cjlljal jia^l 
(jl IpJlc. 4 JliaSI (Jjxa c 3 ^*^ CljljjJal ^p3V I (jl <AUa ^-ixj 

^£J jl 4A_AjAXA Uj/Wl Ajli£ 6^)JXJ-ai A_^_iix^aJI ^Joxxl AjA^AxJI djIjL^-^yl 

La CllijLg-^y! oAA ^)» x*o (_£Aa j)A LaLaJ (jjA^LiA LLaJ (j^AS 4 iAUa £A $l^)ij-a 1 g,x>i^pjj 
LiL^Iil o jjxx.ro CIiI^IjjjVI jAal jial (1 £aj 4<AUa ^Sc- S jjLc- .A3A jj£I AjjJaj AIxaj 

s: * 

o^)Jxx-q CiI'nIjjjVI clijl£ Ia] Laj 3 jlj^VI j^AJ V <^Ui axj (JLaxIIxjjIj 

.ApjL^ill 0 jLiill <i^)XA jxj V] ^Lx 2 

> 

Hj (jl c." lljx>ll JpflVI J (jjlj (j-«^ 

!S \ * 

tl.^X j .(<jc. L_lC.^p La^ V jg -n a ^A Laj Cljl_ijJal ^psV I I.a \\\ tlij^ptA ^A 

'jx^iVi" c^ii j j)A Vaj — Iv^lj <"(J£ja1I A \jJo~Uxia A *\jqx^o V Aj^Lillj (j^iS 

ApflLjal A-ilLlJI CjHjal jjS^I J A^jkll liA jj3 . "A \jJo*Ujja!I ^jUx^oII ^^Ac. LiaLaIaI 

lS-I j)A (JJJA (JjjLujI ~(j, x^..^ 1 J cJ^-^ — J ‘(jAJLlVI (j^JU^l'AI jpj (,3^>AJI ^1 x>ljV 

(J r AxJ ^ », nj Ail (Jx^oqll (jA . djlg^Joli oAAxIa A j -xjQx,oH Aj^Iaj A_*jjI^)A 


438 


t J il u >il j"^V I 4 ~~. , iioxj liLa] (jl - _ i'vj Ljjl i_g\ t - il \ i >.1 J'a\' I 

. 4 ' ~ '' j y~£ j) ^** ~ ^ j 


<al*ia]l (_5jallj Aj.u.Vi^' 1 ^ic. 4-5 J 3-5 i2-5 (jjij 

a/b 4^;^" (aspect ratio) aj^UI “4^' o' 2-5 ^ .'^L^h 

N x , (jt ^)£ij . <1 iLlL^ia]I 4 . -^1 (3£joi . 4_ajl^j 4Aj^jia A^)i-<i ^_jC- a^jljc. 

Alii. jA Ul .4 (jia J*JI Sii.J ^ <_S_9^ cr* M x , My, M X y J Ny,N X y 

J) SiLiaVlj o“5 gj (Kirchhoff) —a _^jAl K x , K y 'gK»all tija >* Ua 

> f s f - 

^ A 4 A.^i.VtA l x>ijl ^)£jj .p(x,y) AljLiJa^xll 

.8-4 



a/b ti 1 4 \.~s 

L^jUL^I j ^ -yjOi^U :2 — 5 



: 3 — 5 
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ojLaU j) ^llall a_i£}Ij <a±La (J£ 

tAj A_ila^.j ^A^oix-a]! £a L <a)^ ks~i\ q\ ^I'Wt V AiLia 

. ^ALlj a^Lajuj djlj aIIILa^VI a ^-iL-sall (jj^j C' \ \^.)j AIjIj a£L<ujj Clll ^ j 

> # # in ; 

l^A (Jaa 1 g k^^C. j l^J^IaJ Aj^)l_La 1.1^. a^)j» ksi A A^Lajuj 

A_^aix-a]l Ajlajai <jl (j-a ^aC-^lj cALs^) A^oix-a ^a-ujlj SjIc. (Jj^ xliMl 

.(AaxJ%JI oIa (Jj-a ^JajA 

.A j\Al J A'\Axi.)y (_^j3 V 


^Ac. ^A^-iAj-sall (_£ JluiA^ X _ y (_£ jlixxixAl ^3 Ailla-all ^)3a Ux'i 

A aj^jla Gz,T X z5^yz U^ .A^-iix-all til^Luj 

j G x , Gy V] 1^3 jiixj V) jAj^d-a plg-^j ^ J 

‘( T xy 

; •a y 

Yxz , Yxz Jf- O 3 ^ 0^ j3 

(statement) sii) ilW* s z ^Ljajt JUiil tjc. j 

J J^.J ^j-o ^C. yi_J 6 JLniill <Lls JX. t-> , ,i jV | ^ li, .i\l ^ic- ^ial yj ^jc. 

s: > 

^^jLja^)*Jl AjjJa^)3 £_-a o^lc. aIaL^j ^aJ (j]j — 0 

.^ 6 — 6 ^3 AjjJa^)ill oAA t q )]a\"i ^ajj t Gz ^ 


LjUual jj^VI 
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Uaa^ A^LajolJ o^jJXj-sa U.,V ,w dULjjVl • 

. (S^xa-aII dlil^^jVl Aj^)iaj a^)Lujj — ^J-AC- (J^ ^ ) (j^ ujj 
CljVljtiji a j)\x ksi S X , Sy, Yxy Cj'i/Uijl • 

.<1a^a a_ij 1 jjjii! (inertia) ^ jjc. Ijl*. • 


AjjLola Lgdal^jSl ^aJ jl C AljljJa^)x]l dVlxiji (JaL^J ^aJ Ijj 

^Ja^ ^^3 AajAxa dlljl^sJ (jli 4 

A_i^.lj (j -0 • tjlxijl — dliLylc- (JjJaaj A e.L ^.^1 

^jl cJ^ 3 ^ ^ tjjli dVb-iji (jc. l\d (J^j ^xl j ^ 11 ^. 

(_£^lxll ^ic. AlljljJa^)x]l (_j-£a$]l dj lljLg-Sbj 

^3 — ojlc. n •(_ < }-a3 4 _I^a^. ^ ^a^C. (JL^. 4 

4ljljJa^)x]l ^-saall dl <jl ^Ac- _ 

Is^A-Lajl dbl^VI a^A ^aJJ tillj £Aj 4 AjjLuia 

d O^A (JIa JaI^J ^aJJ . Qjl jAllj 4 q'x^A dljljJC.1 

jjjIj (jC- Ja^3 (jlA^)J ^aJ-lSj ^)4C- JaAuiiill Jdfuj ^ 4-itj^ll IIa 

*f.l m-\ d^dlxA^ 

* 

<£ x , £y, Yxy dVlxijVl <Adaj3 ‘UJ^ 

.Z Alulda^)*Jl Ajj 1^.^U 4_llxk (jjjllj 4U, V 1 Jj AildaVlj 

5! * 

JX- (_j^]j 4_ilj la3j (jjSj aVlj 

liK r.U.U/, 5-5 JLAII o^ z J*l' .SjA**. 


jjijU 


yi£| 4 ^ ^l jjju Lo^jc- ^1 — 4JLayi j^jla*^]l ^Ic- .ixll t. q £-g 

45 J (Jal G z = T xz = Ty Z = 0 4 jjJaj 3 _ <£Lajj 

a J 


gcjlli!) 
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I 






Ajfr JiW A A£Lauj jac- JUAjVI j jI^aVI *5 — 5 


l^yi V*1j . Lia2 ftl_jiLail Aj£^a] 1 Al jJLj A_^.l Cljl_ijJa^)3 (_^1 4_jl_iC- 

cAlll Ajajj ^ (jj^ <c.^iLa ciAaL^j! Aic. ^IiJ ajj^Ij 11 j^ll ^Jc- ajIII o-i^-j tiilSi 

A-ljg .in) tAlll ^^.11 a]1 Ajj^Lj Aiila^] j^)£La 11 I^ljiuoll ^cllxj Lijl 

A,*\jqx^i\l Aj^j^uA^ Aj^Jaj LojLujI ^A ^Jj Lo 4 dill] .(^liall aJjL<l1a ^)JC. Ajjla^) aJL^. 
djlajjall ^ja j L« djljL^.V^ (JLaAl V 4 A qj'q^ll ^a . oAAxIIq 11 ^a! 1 tJ^.1 £y -a 


4_Al£Jl 11 a (jA>.s-i ^cJl*j ^ L_jj^Ii]l 11 a 4Cjlafkll oAAxHq ^llaj-sa]! ^^a (J-ol£ 
^jLja^x]! ^_^)-a^]l CjIjjjIj A_»13LLq 4 4 ^TvUjj .6.4 s^aail ^3 ^-a-o JP^' 

• 6.6 S^)iall ^3 4_al^^ll ^jc. 


CjUjJall Sj-lxia guUyafl ^ji jjljAl ljVjU-4 2-2-5 


fj cs^' fjj*^'j <-Sj^ 


AJV Aj A_iLjalil]l (j^)l jl^l CIjV aI_x_a j ^£j 

:p(x,y) AljLja^)x]l aJ j^JI j ^j!^) 11 (Jj-^all ^a l^aliiiAjl 


N + N =0 
x,x xy,y 


(5.3) 


jV + N =0 

xy,x y,y 

M + 2M + M — — p 
x,xx xy 9 xy y,yy 


( 5 . 4 ) 

(5.5) 


.A_L-al_all ^lill A_iiijud]l AiOUl AjjuuIIj ^jujJJ^I laliiiAil A_L-alill ^ Wi 4.** n*\ 

* * 

A j^jajj^I£J 1 A_^_iix-all Aj^jlaj CjV aI*-g A^)^_a V] (J^*.‘Iill 1 1 a ^3 ^jj)\ jlll CliV aIjl-g 4." u*nl 
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4 -v iQl La-lAC- . 4 J^AaII ^9 ^L-ialij j - -^V- ^j^ljJ ^ja I^AIAaauI ^aJJ ^lill 

( 4 . 22 ) ^jJdljlxAll ^9 ^aj^xilj (_£yi]l C ' V -'' ~ 4 ^)AC. i“ }\ fl 2 a]l oJXxaa 

i(4.15)j (4.14) (jiiljlxAll ^ja (jjjaillj (Jl*ij^l 1 ^ijj*j JLaxjjJ jjc-j ‘(4.23)j 
4_iiii»o]l 4 JL^/ lal Q > ) Xjc- — jJxj “(5.5) (5.3) (j-4 — (jjljAll dlV-AjLA ^jlA 

Ia ~ la . .i jV 1 ^ dULjjl d^LaIAJ 4 _Iajl 2 aa ]1 j 


+ 24 . ,z/, + 4 , ,z/, + 4 ..v, +[A, r) +A,^ ]v, + 4 -,v, 

16 xy 66 yy 16 xx ' 12 66 ' xy 26 yy 

L, o _ o * ' 


A, ,u, +2 A, .it, 

1 1 XX 16 X)/ UV IV AA • ,A VAVA a, 

-B ,w, -2B.^w, -(5. 0 + 2B ' , L, ~B~rW, 

11 xxx 16 xxy ' 12 66' xyy 26 yyy 


4 w, +\A + A Ju, +A u, + A v, +24 v, +4 v, 

16 xx ' 12 66*' xy 26 yy 66 xx 26 xy 22 yy (5.7) 

"" " =0 


3 £ 0 ,w, -B^w, 

26 xyy 22 yyy 


* ' 12 , UU' A/ Z,U 

- ,w, - \B. ^ + 2 L, 

16 xxx v 12 66 ' xxj 

D 1 l W ’xxxx +4Z) 16 W ’xxxy +2 ^12 + 2D 66^ , xxyy +AD 26 W, xyyy 

-( B ]2 +1B 66 \ J ’xyy~ B 26 U, yyy (5.8) 

11 _R n — n 


+ ^22 W, yyyy ' L ’ll £, ’xxx ~^16 M ’xxy 1^1 2 

-U?, ,, + 25 , A, -35_,v, 

xxx '12 66' xxy 26 xyy 


- 5, ,v, -ia>, , 

16 xxx ' 12 


-B u, -3Bu, -IS 

11 xxx 16 xxy ' 12 

-v, -5 00 v, = p 

> xyy 22 yyy r 


■A. )* 4 ^ 3 -a \\ A (j j$L* La-IaC- ~A aj .2 J — A_^-iJalj t." ilia 

^,3 1 V 1 ) Aj-^aLk Ajjjlj j 0) -la-uJ jVI AaouIIj a^aLiAA 

By=0) LuUl^j 4 (By iajl J] AiL^/L ‘26 j 16 a 2LJ <^3UI cJi <j^\ 
(5.7)j (5.6) aLLua J\ 4 (Dy— Ayt^/ 1 2 j 

j jxj .( 5 . 8 ) aJjIx-oII ^jc. ^ja~n 1 Ag 

4^0 V Jaia w ^^32 ^ cIjI^uaia (j$ J Wi (5.8) aJ^U-< 21 (jl <^11 j 

liaj .w jl u, v 4 ^.IjjJI ^gic. 4(5. 7)j (5.6) (jUIjU-aII IaIli 

A_^_iix-a] A2jLja^)*JI lI^I (j-o Ja^a (5.8) aJ3jca 1! 3^ yn 4tiill] 

A_^aix-£i]l (^jiuiA CjL^LjjjVI (j^J 1 aui Sjj^AaII CjUajjoiiillj ^Iajj 

O^IsjLiIa A_ii3a ^jl e Us-j\ ^C-VI aJL^- 11 ^aJ)\'u4j'l «(5.7)j (5.6) (jjlil^lj<-All (J^. ^)4C. 
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<(5.8) Jl (5.6) \gwi«jj <j ,jSJ CjVjI*-. ddti Jftl JaJI 

t>u-!a J*JI CjULjjYI JL?jJ (Ja.1 (j* 

> 

jUlLuiVI c > ualua Aj^JI iaj^Alj _jj^qn'l Jc- J^jji 

SjaJI L_il j ^(clamped) ^ jLj c , ,n,mSI jl ^(simply supported) 


^ajll uj *uj-° c£A c^Ua 5 ^ JUa) JU. (free edges) 

(jV 4 ^_^.Lia]1 AJjLoIaII ^cjUj^all 4_1L^. ^j-q jj ^ 1 ^ac.1 djLlilall dJQacla ^ 

if 

A j^xxn 4 sl^^- 1 g. n<axxi \ (_j£-a j 4j. 1^J1 Jaj^xjJI ^-1 ^jl 4 _xjjI (jVl 

U,v,w ^>iixj u' uV! ^.ann lijV tl.U^jau jJ^Vi Aj^JI Jaj^xill aA& Lxilj . jUlIxjjVI 
jUJ a \\\a c Ajaal^Q 4 _*jjI 4 (JjLa-q J<; xjjj^ . w (j-o 

(j£jolJ 4 jl c^ 1 ^jliilxul jl ULjjl Jaj^)jja]l aj& . a . j 

Ajc. < t JjS 3a^ J ^jLolJ <(L2lc- jl) ^]1) I&^uia 'A.V W ^ 4 ^q\ jLuwi cLa^C- jl oj <<Jj.ij 

:3iUJI 


Z^ = U J 1 

n n 

“,=", J 

W, = W, J 1 

n n 

w =w J 

L «5 <3iUil (_Jaa 1I tj Jc. ^JjaaII oL^jVI n <•" <tj n 

oj2 Jj j-GJ£ Kn '^'.i. 1 <(_)^as]l oj3 Jc. (JaiS Q n IaI . 6 — 5 (J5t’j'l (jjjj 

Timoshenko j^s j jhul) S^.,.^ K'l 3^ w.^.' i 3jj]aj <ijjxAll 

Xic. UjJ tjllsll (^Jc. .([5-5] Woinowsky-Krieger j*4J> ~ ^^^.333 

:3-5 j 2-5 ojK^II ^ x=0 AiUJI 
u = 0 J N x =0 (5.10) 


N =N 
n n 

N =N 
nt nt 

M = M 
n n 

M +Q =K 
nt,t n n 


(5.9) 
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n 


t 


inu 

I t = 


* 




u t -w 


| u i = « 
»<*»=* 


ij .laJl Ja \jut jxa jj : 6 — 5 


4 U.u tij Aj^JI 3jUJI -laj^oi] AjS-a-all CliLajll J^i5^ ollc. l a*u^ 

[(9-5) aJ-ILx-41 ^ *Q dlljj£jp ^Aj] (C Aj 4-2I) (*3^ A'n‘^\l J (§ Ajjlall) 

: ([6— 5] Almroth cjjjJI Jail) Jj L£ 


'A 

1 ( 511 ) 


51: 

w = 0 

M = 0 
n 

ft = ft 
ft ft 

u t 


52: 

w = 0 

M = 0 
n 

TV = TV 

ft ft 

u t 

“ “? 

53: 

w = 0 

M = 0 
n 

ft = ft 
ft ft 

N 

n t 

= iv , 

nt 

54: 

w — 0 

M — 0 
n 

TV = TV 

ft ft 

N 

nt 

= N 

nt 

Cl: 

w -0 

w, n = 0 

ft = ft 
ft ft 

U t 

= U t 

C2 : 

w = 0 

w,„ = 0 

TV = TV 

ft ft 

U t 

= U t 

C3 : 

w -0 

W,„ = 0 

ft = ft 
ft ft 

N , 
nt 

= N . 
nt 

C4 : 

w -0 

w ’« = 0 

TV = TV 

ft ft 

N , 
nt 

= N , 

nt 

Mulll (j-G l_il 


l^jlj 4_lilaj 

jolaII 4_^iix^a!! 

jjJ-GJ 


(5.12) 


JLa-a Jj (jjj .4 juJ^\ ^ (j£ .lie. ( 5 . 12 )j ( 5 . 11 ) J AjiUull 

Jj.ll ^aJ !3j (AjtjjVI jji (J£ Jc. lj£^a Uajai jjic. Liil) 3jtS Ijjj£ Cj lU)il£jiJ 
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lc-1 ^x_Ja (J£jaJj (JjlVJl ^Jc. CliVl-^Jl JajAjl jjAjJalij .(e^jaJl 4_alaJl -la j^jja 

a * 

cjllflll 11 a ^^a ~1 g «ja-^ ^Jc- (jfiy. ^ cj] q'l^ll osljaJl ^Jc- aI-i^JI Jaj^jjUl o -0 

tilij (jdJ <ja Cl^l-^Jl jlil^.1 Jj Jlllljj tjlllujVl 4-laJjAJ L-fil^a. £Jjl ^llll ^jlij-a Jc. 
:\.J 1 J 1-gJ (jjfL V i.TuriVl A,)a u*n OfiljaJl (jl Jaa.V .(5.1 1) ^J^I-slaI! <lal^All 

lJj! jail ^UaLulll c^Ulkx^ll oIa ^Vu*n Iajuc. (j£l j 6 (rotational restraint) 


(JA .(_£jOjoia]I ^3 dll jlg_a.j/lj Aj-aLk Ja j^jjaII -ll-ldl l_AAic- (j^AJ V 4-il-3 ^IILaVI j 

^3 dll -i J -la j^jd l-$-i3 Iaj — 4j.laJl Jaj^jdll (Ja-^a -li-ldi ^3 *'}'\] 4jl ^j-dal Jl 

Jaj^jjaJl (Ja .1 (JA 4_iic- (Jjj^aaJl ^aJ dj Ia jL^. (jlj jlliA ^J^-alill (Jjld (JA — (_£ jOjaaII 


.SI ^1 


<iUJ] <laljAll 4 _*_jjV1 4 'i^aaII Aj^JI Ja j^dll (Jdaal (JaJ o-° t^dc-l 

<UVd 7“5 (J^-dll ^ <aJjajA <a-iix-a 4ila. Aic- ^lllioiVl ^aUaj t ^I.VujjV 1 A Ja U*n 
S^)jj-a-<JI ^IiLjjVI dillll (jl Ja^*V .^Jjg **n Ig Ag a ^ jlall <j^Aj ;dllll AJjlj^lia 4 _aja 

aIaIa (jl (_£ JH1 ^-ilallujJ V . A q\‘*v^ a 11 CjIaIoJI (JaC- AjqJ ^il Jala ^^A 

jI.YujjVI Alii (jj^J .4 _iaA! (_^1 (_jald ^LajI (JJ (Ja ^ ) ila Jl 4-LH11 jI.YujjVI Jaj^jd 
^jjjaja (jc. aJjC- — jIHujVI A, J-ajAA j <aaix-a 4_ala. (JJ (JA t7 — 5 (J^jaII 4jujjl 

jl.VUjjjU Alxllj Alll (jl^J tAllAa (^jJc- (_^^pl^ ^JaLo (_^1 ^A j!ij £_A (J£ja11 (.** J''’^A 

.M x = 0 (_^1 c (jl^jj^ (j-° ^-3^ ^I.VujjIj ^ajolaII — Ijjc-VI 

^)j£l ^-illll ^a ^j£l j 4L_fl jIIaSI <jJa^)L*Jl ^IILaV ^Iaa ^-J^aII ^jja^aII ^ k\~\W ^)JalAll 
^ajoU C1j1^)£ .Vujja jlill (j_J^ t4_^-iij-a (J^.1 (JA ,<Jj\JaAll A£^)^JIj ^lajaj Alxllj 
JajAjVl ^JajoJl ^ £jJa joaI! ^j!illl ^£^)a ^)Ia 11 y ^j*^a\1 U^J*^ 

j)AjJa ^ c-jlill ^jJaj ^jljj .^<^_iix-all <iL^. ^Jc- LaIaJ (JaJ (j^lj^ 4 

AljljJa^)*Jl <£^)^J1 ^1 a ^aJJ l a nj clj^AA y ^jj)*^ a! 1 (J (jl^)j«^l (jj^J c‘* n^kj A *\jqj.*all 


(translation) AJUijVl a£j^JIj V ^111^ j c(w=0) <^iix-all ^Ja^ Jl <_lou11j 

^jjjajaII jlllujV ^J^Vl (Jl Jail (jj .(_^Jl^ll ^jjjajaII y — a 11 (JJ 3 LS^ 

: C5“^ O ' 
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© 

© 

© 

© 

w = 0 

O 

II 

$ 

< 

II 

O 

w = 0 

M„sO 

M x = 0 

M x = 0 

Mx-0 

11 = 0 

1 

o 

u *0 

N„-0 

v = 0 

v = 0 

^»y = 0 

N^ = 0 


jUIwV) 4 J 3 AUJ iaj j-i : V — 5 JiuJ! 


Jlsiijl V dual J ^ 3axuJ ^^u^aII - " 1 IJJJ ^jj I S 1 (_^.l C}* ( 1 ) 

Jtllljj 4V=0 J u=0 (jj$^ I^Aj .y jl x tjjAL^jV^ <y-«i 1 $\ jjdj^ll 

•NxyJ N x UJJjal' 

ClAjl j; 3-» x Ail <_£A C5^ aUJj ^aC-A ^aJJ lS2 ^j-o ^2) 

^ Ig ».iaj j tx ^ ^^cLuii ^y 

AjjLoia N x UJ^ (j^ L3 * /l- 'V^Oj U.7^0 (j-j^ Ia^Aj .y 

.OA^^^- 0 N x y U-J^ 

Cjjljl J)3^XJ.)1 <_£A aLL-Jj ^C-A ^aJJ lS3 (J^l (JA (3) 

^ Ig ».iaj j cy oL^jVI ^ ^iajaj tx oL^jVi c^J 

LaIij cSa^^-^ 0 N x Sjiill L3 */i- # U- = ^j v^O 1 a£aj .x 

. <L^jIjuJA N X y U^^ 3 

Clllj^)£ (_£A (Ja^A i^ c ' ^^joI^aII ALiujjj ^aC-A ^aJJ lS4 -la^Jjalll O -0 (4j 

V^O ^A^A j .Xy (_£j!i»aa] 1 ^^9 aL^jl i^\ Adllijj^H A^^^Jlj ^l-aujJ ^j^axa 

• j q ^" (jjjjjLai^ N xy j N x uj^ J • u^O j 

> 

A]j£ ^jc. O^jldC- ^a^LaJ AjJUA A^_iix-a Ail_^. (JA Aj^rn^)]! ^aC- All AjII <j^£j 

^Jajoi ^Jj AjjouIIj AIijljJa^)x]l A^^Jlj t(W’ x ) A^-iix-sall AiL^. (jl^jjAll Ajijj jAL-sa 

^jl^)ial] aJjIaa AjSj.Vu^-iII aJj£J 1 Alliojjj ^aC-A] ^jj .^W = 0j A^iix-all 

.a c 3^LJ! ^ AjIaaII j cALlujVi aJsjjoij AiUJl Aialj-<ill 
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i-tUjUtl SAixIa ^ C 'J^SIxa 3-2-5 


C* n^. \ li^ Aaj3 (^jJjaaII ^3 Jax.xidl aJ^a^. ^lia Ia-I^C. A_^_iix-£a]l ^r.x JJJ 

n3 tAisI j l^ij£ ^jc. — jiiuA-G ^Jajoil Aisl^Ail — a 1 ^j^ljoSI aJL^. e_aSj!L 

J ■* 

(jC- ilsujVI lAiJC- C I.Wj ^Ull aJja^'1 ,^£jjcL 1a j jIiaa JJC. (Jj£jaJ ^^i A 

^jjljj aJIa. V .(buckling load) ^ja^j (_£j 1 Laa]I aJL^. 

J . # * * * 

jl Joa ,xidl jl aJU^LaVI V] ^3 ;£_£jJjaa] 1 ^3 <_£ ^3 ^Ac. V] (_£^Jjaa]I ^JajaII 

* * * 

6^lx_i3^U AJLLa]I ^LaxJI aJL^-j ^£jOjaa 1I ^-Lajaill ^jljj aJU. Ia^aC- di^fe j .^-saall 

> > * 
Ifc-ljc. JJ*jj 5J ^aaJI .(_£ jiaaoll Cj^lxijl jja laia t «"T' j 

> # 

£a Ail Ja^.V .^IxjjVI aJja^j l d'r^A (Jj^iVi A-^-iijAal] (JaA1a]I (Jj£jaAI oL^3 

# > 

jjjli Cll2kJ (aJ ja^'I iljc. iJC> (_^lj ^^LasI Ajj^jaaII A_^-iL-£a]l ^,Wn t aJIJVu J~ g.li^il 

^JXjooII ^-IxajVl tilli j tCiV ja's.II ^aJ3 ^Ja^ AiC. ^jJjaaII ^3 A?* xi? 

* I * 

jIoia) *La6 aJU. ^Sl jll jj£i V diSAj . (dUjVI ^=J jijl) (bifurcation) 

(Ja^J JjVI C_13^)ii]l <_ja£j ttiili £A .Ai^AA ^latAJ^l (3 ±uia (^JVua iLg^V £_xiaLkj 
.^Lx^jVI Jj3 (_^j1uia 11 cilil j^jVI JaL^j ^ ^ ^a.xxnll ^1 _*ajV1 

cjlLlall $:u*jA ^51 jill jJ Lyjijll liA (Hennemann) uW^ j (Jones) 

J^iiAA ^-Lxijl CilAjjai Cili Ajl3j3 (J^.1 (JA — ^ \x, i'nll ^-IjuiVl CiV^A^. ^jl 1 ^.jj 

f j. 

(Ja^j Ajl3j 3 ^3 Ig'iC. %15 ^ (Jx^-aj ^jliLoJ (Jflj ~AJUVu J ~»1 Wil (jl^V^J A_iJa^)^A 

.[7-5] c Ua^U aIjLJI ciVUijVl 0 ja Wa 

s > 

^aJ3 AJLaiA ^jJjaa ^^3 CiV ja*\H c‘* ^ilaj-sa]! ^IxjjI ^jAjJaJJ 

uj Aiil jaII Aji^Jl Jaj jidl aJIaia c_£LLj (eigenvalue) Aili 

ViJ .liA l^AiSlij 1^. oMx.a Ajjlill ^iill JjLaa j Aj^JI A a )d 1 JjLaa CLi13vIj^VI 
AJU. ^ja Ls^Llajl ^■Lsui'^l cil^LuJ AA^-alill A_iiiJalii]l CiV iL*-dl Iaj 3 cciilj ^jA 

i(^-lxAj^U aIjLjJ! (j jojaaII ciVbtijVl cJaUj ^■LxajVI (3fuLA ^.Lac. 


.^jjjjl a] _^A 2k ^j\aA aJ jA2»Jl j1a«A l^_i3 L-U. jaJJ ^ill aJ jx>^k\l Aic. ^JJUoill ^IxajVI iWj 1 

^La^J i jShuxi 6 ^)Laa 11 _jl ^) aLaI ( 1 _j1jaa11 1a 1 ( 1 ^jq^HtiA Aj^JI jLaaII tj 

(b^A. 1 da^. (jl£l ^LtjjVl (Jjj-A^. (Jj3 ©JJAlll ^) 1 aA (jc- ^jiaill 
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Sn 

Sn 


X,X + ^Nxy,y-° 


xy,x + S N y ,y-0 


8M + 2 8M +5M +N dw, + 2 N dw, +N dw, 
x,xx xy,xy y,yy x xx xy xy y yy 


(5.13) 

(5.14) 
= 0 (5.15) 


JjjLuJI j! jjII <31_^. J AlL<ua (jc. ^ Jl J 8 1 

^jaSI J CjI J laull Jc« 8N X , ... 8M X , ... 

* 

c8w (_£ .1^-31 jduJ .^Ixa£AJ JjjLuJI $,Luax]l Jj 4_IL^. J (jc. t Jljd3l Jc- 

<ajLai]l AjjjjuiaII aJL^JI j ^jc. cjULJjVI dil^jiu ^Jj 8u, 5v 4c.Ljajalj 
" ■* ^ 
t4_JjJali!i3l j!i3l CLlV^l*-a <-LujJ ^IxiJvU AjlA\ (jl Ij^aUsi jdJ .^Ixd^U 

Jc- 4 asI Jl j j.i^JI UJ^ ^ qj’q^ j aJaVI Jlill ^jI Jidll (JjWi'l »!, n‘u*Aj 

Ijj Ajl 3 ^i *\V . (1 ^jlxd) <Laj.lx-a A j\x^ilid31 jrUdVl CllV^l-*-Q <_j-a Ajn J1 C_al JaVl 

:5 J > 

CjUAjJjI ^ Ajc. *. t iu*ij 8w=w (jj-3 <aal ja ^Ixj£}U a!_>U aJL^JI dijl£ 

(_£j!iuaa 3I ^5 4 <Ti3-i.aH tdV j^a^kH <jl l x^njl 3-i*\V .^’IxdVl ^JjojJ J 

Vd ^jjj_ji dj^Lalx-a£ ajjI3i 3I Ji31 aJLuia! Adi jx^iIj J1 <c.ljx.^ll ? 7V ^ ? 7VJ, 

^3 AjjI 13I Ji3l A_1 Ljix> ^)A^^. • <jjl J' A_1 j1jca 3 ^ n.ajll L_fija3l ^Jc. (j-Q 

ll Jl 

l^gJ A^al A A >J Vi liiliA 9. lu/i ^jll N x ? . . . Ajja.x^Vl A_9jla^3l CllV j^a^N 

ojd lA.ii.idi (j£-aj V .ixj djVl*AjVl J ^ Ji^'n (JjLuiaII ^j-o ^-^i31 

dc. <ij^)x-Q jjc. diVljtijVI (jl ^13i J] ^ jaJSI 

.(5.15) Jj (5.13) c> -Ua jL^aV! 

> > 

; j ^j^x31 j (_^J31 ^ dil J*ii31 ^Ja*j 


(5.16) 


1 

Oq 

1 


Ai 

Ai 

<16 

5s° 

X 


5 n 

B 12 

5 16 

8k 

X 

SNy 

— 

Ai 

Ai 

<26 

5s° 

y 

+ 

*12 

5 22 

5 26 

8k 

y 

SNxy 



•<26 

<6 6 J 

1 

l 


1*16 

5 26 

5 66j 

1 

&> 

1 
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(5.17) 


8M x 


5n 512 516 

<fe° 

X 


D\ 1 £>12 £>16 

* 

8 My 

= 

512 522 526 

<fe° 

y 

+ 

£>12 £>22 £>26 

5/cy 

8 M X y 


.516 526 566. 

8y° 

‘ xy 


£>16 D26 D66_ 

8 K X y 


fji (JJ1 jiiill ^ dll j jluLall ^ d 5 l»,q' 5 t ^ lafjjp CLua. 

: ^jc. CjLa.Li jjV I 


8s° = Su 8s° =8v 8y° = 8u, v + Sv, r 

x x y y xy y x 

8k = -8w, 8 k = -8w, 8 k = -2 8w, 

X XX y yy xy xy 


(5.18) 

(5.19) 


i** \\ 1 diljjilill a! (jc. 

(5.18) C^£j1iio1a]I ^3 CllLaljilllj CllVLxijVl 

Jlnlbj <(5.17)j (5.16) jUbUJI 4 fj >llj ^jifl c^! Jiu <(5.19)j 

C^LxajVl c-Ijj! CIjL^Aj^jV 1 j J dl! ^)aij AaLjaliall ^-L*ajVl dlV^l*-o ^3 

CjV^IxJ iih .(5.15) J! (5.13) c> c^l*J J\ 

cLgLqj jjII (JjLoia a!L^£ j .(5.8) (5.6) (ja lLS^AjuqW ~ Aial^Jl jail 

* 

V tudlj £-a .AaIxII djlaaJall dJJxiiA ^aLlx-sall ^Ixajl ^^3 <11 li*uJ — g.1 Wil ^jl^aj 


(_j£aj ^<lUa!lujl — g.1 Wil jl j3] Aj-al_k A jqJ-ili ^j'sixa 

. diLuj j£i]l (Jjal^All L§aal£-o jl tJaia (5.15) aJjLxaII ^c- Lg_^.L*ajl ciiV^-A^ 

* y y 

tillj j tjrLxajVI CjIAjjuU Vj ^IxajVl JjLuia Aj^JI Jaj^jjuill ^l^"i V 


jljaj C5^^) AlL^. <_^3 l^jJal^jal .23 ^Ixaj^U AibLaill £ j )£ 

Jaj^)jai]l ^ja-n ^ AjjI^ ^a3 aJLuia] o Jjj-aaII C1iLaju31 (_ja£j . (a]1,1i*u J — ^l.Wil 

j\,VujjVi <JaajaiJ AaL^ll Jaj^)jai]l tl^Aj . AjjLuia (_$\ Axojl.ViA Aj^JI 


Ifjui La ^LxajVl ^laal 


51: 

Av = 0 

5M 

n 

= 0 

Su 

n 

= 0 

8u = 0 

52: 

Av = 0 

8M 

n 

= 0 

SN 

n 

= 0 

8u = 0 

53: 

8w = 0 

8M 

n 

= 0 

Su 

n 

= 0 

8N =0 
nt 

54: 

c5vv = 0 

8M 

n 

= 0 

SN 

n 

= 0 

SN =0 
nt 


(5.20) 
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(5.21) 


Cl: 

<5vv = 0 

Sw, n 

= 0 

8 u n - 0 

o 

II 

a 

°o 

C2: 

<5vv = 0 

Sw, n 

= 0 

8 N n = 0 

8 iif - 0 

C3 : 

<5vv = 0 

8w, n 

= 0 

8 u n = 0 

o 

II 

a 

C4: 

<5W = 0 

5w, n 

= 0 

c 

a 

II 

o 

c 

a 

II 

o 


22c. ;A_^_iix-aI] AiL^. (J£ (J^.1 (jl AjA^JI Ja j^jjoii] <_j£aj 

• (jj J-^ (J^^ j -‘ j -‘ a U^ 4 ^ A^. ^ ^ ‘^>aaH AjA^JI Ja i" in^jj 

CjUjkll S-J-ixIa ^tJlLall (jk JtjjAVl cNAxa 4-2-5 

JUJ1 (jl£ 6^j£Luj Jj! jJ aJL^. A^-iix-all iL_3Ajjj jl c_jl^j!iAl aJLoia ^jl 

£i\ 22 jj 11 2jA^j ^^2 (JjWJl c. <a2A ^ja£j »Ajijl2 ^j2 aJLuia ^A cA^-iix-all ^l*_ijl ^^2 

(_j£aj V tt2l]2 £-a .Cljla±Ia]i o22*I±a ^cjUx^ali LgJ la2j A^Ja^ill (JI£juiV^ j A_i*_nia]l 

* 

(Jjj-a^Jl ^»jj .Ajj12 ^j2 aJLuia ^A ^jl^jjAVi 3a a ' i ^j-ajJa dj^lxAjVi ^)I2 <Lg 2jA^j 

^ ^Ljali^l! C U^V! C2V2U-. <> l&LLjl Aa^UI! A^Jali^l jl jsaVI 0 V 2 UA ^ 
£_i<<l^. o2lcJ (J^Lk ^jaj <(5.15) aJ21xa!1 ^ja (Jaj^M c_fl^)ia]l £-^)La j A^. A2Ljaj 

^^2 ^)^2j AjjJLx-a V) QJ )\ jJ AJU. £-Aa J JjpAVl Alx-aL^Jl 

l((j^ljj a 3L^. ^jc- dJ^jJxj l x2ijl ^^A ^-U-U^l c-IjjI CjljjiMl ^)aV^ lAA s-l^aJ 

3Nx,x + dNxy,y-Q ( 5 - 22 ) 

N xy,x "*" ^ ^ v, y — ^ (5.23) 

<5M +28M +8M +N Sw, +2N 8w, +N 8w, = pdw, (5- 24) 

x,xx xj/,xj; j, 73; x xx xj; xj^ j; tt 

■ A,*\jqj>^H ^Jajoj A_^.LudA aA^j ^2 A_1 j£J1 ^Jc- p (J2 j n*\ 

- J> J> 

(5.16) (jiibla-allj jljjAVI J5Li. j_Jjs]I ^ CjIjjxjII 

■ N x ,N y ,N XV -i (A 4+y\ oJ J 3 =UU) Jl^yi Ai^ ^ .(5.17)j 

^j\c. t^LxjjV^J r ' ~' V ' ,r ' ( _ s j1Luwi JU£j — 4 ^ 10. ^|'I aJIjjwi iSj"'^"' 

* 

Hal . ^)JaLiLo (J^ djLa^iall 6 2 Axllo A LoAic- Ail Ja'uiil — c- 1 Wil ^jl ^)2V 1 

^Jjjj La£ t 0'jSVI (jl^ t^JaljiLo Ajj^aII djla±la]l o22x!1a ^jLlx-sali ^j-o 

AlUaxll (_^2^. JaUj i u*ii V Ja^2 ^5.24j aJ21xa!1 aJIxaa 
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jiull tjljaAVl JjL-g ^ AaA^ll Haj>Hl u j£ .(Rotary Inertia) 

O^-gj 4(JaAj (J£joiJj (JjLul-g ^3 IgJ 4jbUa-G 6 JjAaaII CIA-gjuJI ^jC- 

, . > 

^■LxajVI 'W\\ c' u^k j\ jja! <JLola^ jl jaAVl j ^IxajVI til£ <c.l 

. ^)3A-ai] IjjLuia Jl jjAV' AAji cJ».>J LgAjC. 


JaJl cAAii 5.2.5 

dbJa^c. ^^all J ja&V ' j ^IxajVI j ojl jail JjLola lJ^* 1 &jaa£ > »' > A 3*v^ Aa* ja 
(^JiaSA) 4 (Jjla. cj-° ■ Vi.gj 1_*joi 1 j (_£Aa Cialajsall ^Jaiu .^JLLuill Aac.^)ill Cialjiiill 

CliLiJjiJl M< A_i 31 ^a 11 j 4 IA-v^A HI" Alaxd jj ^joiLoil (J£jolJ 1 g jlc. (Jjj-aaJl ^aJ — Aa3jl KS-\\ 

4^Jj3all ^3 Hall ^jjl^)Ia A jg'n^ll Cialij^illj A jg.Vi-all jj-alaxll ^ajjliLG (Ja-G 4aAAxll 

o' L*j .(Galerkin) o^jallc- j (Rayleigh-Ritz) jajj - AaLlj Jk <^jaiHl 

(JL«i*ajail iaia3 ^aj c_fljjuj tA^. jIIaII o'^V' C1l>LgIa-g 42-gaI (jtaja jA laA l ‘<aAg.ll 

.ooHIaII ClaLaLjajV 1 ci^l cj- 0 ‘Hoj^-l! cJ^l y il jV^'i 

. Cjl jaili-oll (Jj-a3 Aijo^a (J^»H Cialaj^a o-g AjAc. j^l Aa.1 (Ja-oaj 

-^UaJVl CiaV j jaiu j' t C!al jaiHoH c_fl'o^-jl ^ cAAjoIHI aAA ^^3 

xal J o^o^ .tAA^j y AaalA^yll CIjVIa ^3 Ia A^.j X 4-a_iix-all AjalA^V CIjVIa c-lAa. 

O^axa Ja.1 o-a (<aa3A) A Jjla. J] Aj£j C!alja*lL<Jl Jj^aS J [8 5] (Wang) 
djls'o^aVl o' (_£ 1 (JjL-ilaII (_I^1 o-g ^^Ha (J*Aj V 4-j^lj tA*± j^x^ill (JjLud-G ClAaS 

(Ashton) ojliujl ^1] Ajjta — I2*al_a. Vla-Q o^Hj <■ Sjjjj . (Jj-a^ll <Hal3 Lg jA oj^- 3 V 

A^.ja .2.3.5 ojAall ^3 CIjI jaiLi^!! (Jj-saS Aajo^I cJI-<i*^jV 1 o^- [9 5] 

• 5.5 3.5 O-Q eia'oAHl jaua S j^IiilG 4ijjiall <ii3A CiaV l-G*ajail 


:2 . 5 JjLu4a!1 

.(5.8) J1 (5.6) c> pVAlxJ! jail^l 1.2.5 
^VaUJ AiiljJlj (5.8) Jl (5.6) c> mVaU-gII ^LgJI pVaUJI g^l 2.2.5 
.(5.15) Jj (5.13) o- c^VaUJI J .^LjaUill C U^V1 
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AialjJlj (5.8) J\ (5.6) q* PVjU-11 3USL-S pVjU- 1 ' gSiJ 3-2.5 
.(5.24) Jl (5.22) o- ^VjU- 11 ^ jl>VI 


4jLual^2) j jUIuiVI ^ kj- „j cjlLJail Sj-ixia ^JlL^all <_i) j*3\ 3 • 5 

^UaHjL AS’ j^a 4_uL2a jC- 


Ale. .A YujjVI djLajjall D J-IxlLa <liiaJjuiA]i AIolxAl <lill \\ 

L& <p(x,y) 4c. jj* AljLjajc <1 j-aaJ ^jaUJI j 4X=0, x=l, y=0, y=b J 

Aic-Lja-o VjU'N A-JJ^)^3 ^AjoilxiilA^ AujLja^)x]l «8 — 5 (J^*.‘Iill 

: (Double Fouriersine Series) 


u ( \ 2 2 ? ■ mm . nny 

P(x,y)= Z z Pm, 7 sin sin- 


(5.25) 


w = l» = l fl b 

(Jjjjuj ^^Ac. .(5.25) AAjljJa^)x]l cIjV ja's.II (JA^j 

* 

:a£>UJLi p 0 A ^AWi-ali 4_]j) < a j vll ^Ja*j C(JU1 a11 

00 1 f\ . , . 

(5.26) 


p{x,y) = 


00 

z 


_, 1 6p 1 . mm . nnv 

Z — y Sin sin — — 

„Z nnn n jj 


717 = 1,3,... 77 = 1,3,... K- mn a 

Cy* [5 5] ^ ^ py* * X ^ i c ^lajl 


p(*.y) 



^UiajC J^aJ 4juiala. jUIluVI 4 laj > gj 4jj]aluu) CjlajJall sJJxLa 4-a-Aua :8~ 5 JiuJt 

p(x,y) eJ>- 


Aial^o Cijl£l £.1 ^joi c4_j£-<ui]l oOAxIIaII £-1 jj\ qs a»,j (Jj\Vn S jj-u 

iS^JaljLLo AAjLo djlala^) dilo c<j-£aLk ^_^.1_1 a11 aJx^li a jq ^ ^jlax-a] 

t <joi£Ix-q AAjLq ClA j 6 ^Aallill A_2L^aLi4i djl5lS_j dll 0 
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(jsi* \\ Ig >.s-xx ) Jjlij jjuj .(5.25) 4_1jIjla]I ^3 oUrax^ll aJja^II <_ja j 

dj^Lolx-oj (D 26 j Di6) (Jj3~c-1 Wi' Sg.U*i> da^Lolx-o C y* 

$ j\.Y*UjjV 1 <JaJjudJ A ~s.j^.rol' C_fll^)Jal (j£ (j^£j *(Bjj) AJUau J ~g.l.Wil (jl^3^M 

4 _ iij ! tl^Aj . ^liiEyU olc-^-o ^£jj . ij.wMl Iaa JLg jli 2.5 LjJ j Ia £ — 

. <jJa (_ja cJ^ iS^ Jaj^aii] AiLiS-llI <C.l ^Jj (J5 j>*n 


Aj^alA ^ jaLIaJI Ajj ^ Ij CilLJall 3 22x14 ^JliLall 1 . 3.5 


(specially othotropic AlaUk ^UJI a 2 £U ajLLII Aaai^all lilliu 

ajj^Ij cialiJa oAc. jl Al-saLk ajj^Ij 0 jLa! 0 .irxj <LJa Ia| l3.miii3.tc) 

ijUlUJI UK ^ 4 UlLUl 4 U . - U1 ^ U..i cJ ^^. jlallLa (JUkiiJ ^ U'Vn t 4UaLk 

All, A 12 , A 22 , A66, Dll, D 12 , 2>4 -Ua3 A j'q.iJ-i' l 4_i_iL_all os-L^a. CliiUilx4i i — kllUj 
( Jj 3 — e-Uajl aJU = Ulu ! — (_> a3 Ji jy \ ( J4i ( J £ S - iUc . lilli ^jjxJ - D22 , D66 

f 

(.A (JjLaa ^3 4 Clllsl^jaJVi 4_L-ajJ . a\\ 3a"u J ~^1 Wil 

V 0^.1 J 4_iLjalij ( j_jl jj < UjIaa JXk 

Dii w >xxxx ~*~ ^(^12 + 2 D 66 ) w ,xxyy ~*~ D 22 w ’yyyy — / ? ( x ’ y ) (5.27) 

# ■* 51 

o3& (J^.1 ^laxj L " 'j/'U Ui..^ L_fl^)lai] AiBl^UI Aj^aJI Jaj^)Ui] 4ju2al_k Qj&j 


x=0,a : 


y=(\b: 


w=0 

w >=0 


M =-iX Mi - D.m _ , 

x 11 xx 12 yy (5.28) 

- Q , 


M y °] f'xx U 2 fy y 


A \$\W\\ A 
=0 
=0 


^ a ^ C . C_UjaiJj — ^ l.VuuVl J - aj xaiJ C _ a ^) lai ] ^ a !1 < j ! 

1 u*D ^1 £joi — A jliJalij]! <S^1 _xa11 ^3 ^ u. 5 V d_s^L*_aj^ 1 

.(5.11) yjUJL ijjlia 

> # 

*(5.25) A_maJI A-iJjj3 ^UjudLuiiAJ AIijLja^)*Jl <SjA*\'i *>" iV^a'i lij 

AJaj^jjoi] LxjJaLk <xjI^)]I ^ja A-iLjaliall aJ^LxaII o^A 

^j^aj 4 ^.^.LiaII AJjLaIaII ^jl_9j-a]l ^-q (JlaJl (j^ Cll3V UaiuiJ j 

: JaJl L 3 ^ 1i 
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(5.29) 


“ “ . mm . nm 

w= Z Z a sin sin — — 

m = 1 /» = 1 777,7 77 6 

-(5.27) - J^LiUsl! 2iH*JI (5.29) J ^ 

(jjjS.l]l) ^ (J!Laj i(5.28) -U^Lx-aII 

P mn 

* (5.30) 


/r 




Z) 


tT 

liLaJ 


+ 2 \D +2 D 

12 66 7 L a 


/?? 


+ Z> 

L6J 22L6J 


16 p “ 

w = — ^ I 


(_)^J1 (jl (jl^ Al Jg j.uJ 6 A.dli n,a Alj\jJa^)C. aI^-o^. (J^.1 (_J-c 

(5.31) 


00 

I 


1 . mnx , mm 

— sin sin — — 

mn a b 


n m = 1 , 3 , 5 ,... n = 1 , 3 , 5 ,... 


F "M r \ 


12 


12 r li 

D — r + 2 fz> +2 D 1 

m 



+ Z) " f 

11 La J V 12 66 y 

a J 


IaJ 

22 lii 


^C- I^jjoiIxq \ l^C- c Clllsl 1 Cll3^)C- La ^iLa 

q -a CllVtxijVI jl^jj ‘(4.16) ^^LcaII tJLtijVl — CjIb^Ic. ^ (jjajjjull 
ci^Lolx-a aJV.^ (5.31) aLI*-<JI (jc- Ajl .(4.12) aJjI*-<JI 

(j^lj ‘liA IJa ^sjujjj (jl .Ia^j Dll, Di 2 ? D 225 D 66 A_JLLa]l A^-iL-sall oc-Lu-n 

AjjlLa lilliA ^sjuJJJj tA_Jlj]l A_lC.^ill dll jM ^^c.15 (J-OjduJj djjui 


. I Ai^X-3 


42jLaSI Cjlili jit ljIj a jlaHLall ulLJall 5 Alula ^JlLualt 2-3-5 

aLLJI dlijl3^)]l dli o ^)lal n/Jl 4 <dj-aj 2.3.4 ^3 ^aJ 

JialS ii jL^ 4_kJ jj jj l^jl ^.j t (symmetric angle-ply laminates) 

A*_nlaJ <_j£Jj) Sg-1 C1 l>LqLca ^Jj AiLdVL All JidVl Sg.Lu'N dL/LaLc-a ^j-o 

^Jj AjjdiL c > t u*n t aJIJi u J ~g.l Wil Sg-Lui^. d^Lal_x-<J 3^^-j V (Jl-^JI 

^jlaj«aSl d^Ld A jQiliH (^A ^ill IJa ^^3 ^j^JI A^. (JLd .(JajaijVl ^Jadl 
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Dj6? D 26 3^ W 'll j I j 3^M uilabw jjg Jo ^3 Aj-al_k ^LaaII Ajj^Ij A jQ ^ 3-all 

l! * 

W ^Liajxll ^ A 26 J Al6 aJ UVuJ — j-a3 jl O^Laia. CIl^LoIaa -A£ ^) 

I jjl jail A-*Jal_lll AaLjaliall aJ3_x_a 1I jj£j • (djlat-liA A jQ \h\\ A_^_iix-all jj^j IaAaC- 

d i 1 'W +4D i6 H W ^12 + 2D J w ’^y +4D 26 K ^ D ii H \ jrar (5 32) 


x = 0,o : 
y = 0,b\ 




w = 0 M = -D,,w, -D w, -2D,,w, =0 

x 11 xx 12 yy 16 xy 

w = 0 M =-D w, -D w, -2D w, =0 

y 12 xx 22 yy 26 xy 


(5.33) 


^_ 9 j Jaj^) 2 a]l ^9 (Jj 3 “ J J^l ‘A^.l . CLlA-gLx-g 1 a^.V 

^llall 4_i2Aj Cllla2a]l aJJatla A a. afl. .all £-<s (JlaJI La£j . (3llj£ 4 2 . >>1 qA\1 4_1jIjca]I 

^ jg . ..V 1 4_fl^)lai] Jjal^oll 2a^)2all ^ Ajl3 cAlLal A 

(.s' V ja^-Vt jV <Vj U l£ jIiaaII Aa-l^Jl Jajjjuoll Aal^aLk 

/©jJalaLa A_iiLia A-^aix-a 3 ^ ja A_^_iix-a A-SLaa 


^ JS <(5.32) aJjIxJI - intuit a^UaI! 3^ V 

.Ixj *1^26 J D 1 6 -ij^j l ». 1 >a) j Aj-aLk <^11*11 Ajj^Ij dal QiJaH &J.lxaA ^jlaj-a]l A_ll_^. 

Jc- Vila (5.29) ^w J j^£U Aajjjs ^oiL^ 33 j (expansion) j2ull 

V fc D 26 J Dl 6 J AJajajAll J j^. J L_lJjaiJj <dllj £-o .daljaiaAll (Jj-a 3 A-SJjla 

<dil^ AiLjaj .(Jj^aal] ALli jao dal jaxaAll jV A-< 2 aLl]l Aaldaliall aJjIaaII jjaull ( 3 ^^ 
(jj ^.1 oja dll!} ^ jxaj ‘( 5 . 33 ) aJ 3 jla 11 Aj^JI Ja j^ioill l x>ijl 3 ^.- ^ 


•D 26 J Dl6 — J AJaij JA 11 Jj 

<A_iLjaLilll aJjUaII jl Aij*j j a Uujjaj aJUaaII jjLoil 3^ 


AiUall 3*-^- i_s^ L)^ 1 ^ uj' 3^ 0^.1 j A >j‘i V] u jl <(5.32) aJjIxaI! 

-5] w 3S1 uia]I ^*1^11 Jj Adjoullj (stationary) Ai^l j a,jKH aIqIUI 

Cjlilj^jVl AJV^J A jK'1 AIaIUI AiUali jc. jjia'ill ^ ja£j Aijjla tilliA .[9 


aJ^IxaII ^3 AjjjjS Jj-aJ C_fllj^jV^ <-JJjilJ jjlioil ^al 3 <j-aLk 3^^. 1 . l^lll q**u*iA j 

:\ AuKll AIaIIII AsUali Ojl^* liA j^ajC. <( 5 . 29 ) 
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v =2 ll[D U {w ’xx' )2+2D l 2 W ’ X x W ’yy +D 22 ( - W ’yy )2+4D 66 iw ’ X y )2 ( 5 . 34 ) 


+ 4D, ,w, w, +4 w, —2 owl dxdy 
16 xx xj; 26 xy 


4_Lal£Jl AiUall qc- pw j 2ajj^<2l a^ 2I c* n^. 

4iUa (jC- ^i2l<2l * ja2l ^)4 xj l<a\n tp 42jLja^)x]l c((_)^alj S^LujLj ljj^)jJa-a 

^jjC. djlajJall dAA*2 - a A -yigwill AijUa (j^-aJ .A -Nn^^all A j\-n! All (JlxijVl 

jliiV — 1 C5 fLi J a£l£]l (J^Uj - [ 1 5] (Whitney) ^ j* ^ s jialn<2l 

i ^ Aiilalll c*iijl£j-<2l ^ Ig.Qj ±Lj j aI^LuVi AjaUaJI ti-M' [10-5] (Langhaar) 

. ^_]l_JajV I 4jLaLa j 


Allkll 


ie-UaJ^I ^ i i ) i 3 




aj^JI 2a j^>221 c 3'^" 1 ci^* L<2Ua (exact energy) ASlkll a1uj£2I 

A ja.nJall 4 jA^ 2I 2a j^)22l ^'^Vn tLajlii (W’x = 0 J W=0) 4li*jjA4g21 

LaAic- 4_3 j^)*_a]I A-2j1^j Aij^)2a 2jL^)la]l oAA (j] . (_/V^ /7 — A/f n ,N ^ — TV /7 ) 

I^u2 Ua j j^jVI j2ij oXalx-«21 J) <_buullj (stationary) <aalj Ailkll ^ 

* * * > f 

42sl JIa A )2vn dlV Al_x-a ^j-a 4 \a-\ 4_a^.L2I CIjV aIjcx 2I (j • 4-931 J 4_lal£ll AijUall 


2aj ^>221 cJ^. 1 2) -0 ^ 2a^.V . ^-a3^) oAC-Luiaj 11a3^ (1-*-g Ig In. ^,x, nj) 


.W=0 A^.1 j ^joiAlA ^jA^. 2a^)jai 2ail3 A^.jJ t aI.YujjVI 2a u*n L_fl^)ia] 4.931 ^<21 4 jA^21 

4 j n-^.11 4 _jjjj 3 ^2judLuila ^1 a .M n = 0 A^.1 j ^A^. -Isa^o V) A^. jj V ciillA^ 

2a^)221 (3^^ ^ 4_i£2j ^a^ 21 2a^)jo21 c^5.29) 42 aL*-< 21 — »l Wl 22 <ac.Lja-<21 

AAj^ia ^^3 ^ jj&a Lu^aj (5.29) a2aLx-<21 3^^ j • ^.a^nJall ^A^21 

jV liiiaj aajjLII (convergence) u_Aj ‘Ali ^ . jLj-^LI j 




t_ujaj ^ (n=7 j m=7 ajUI n j m ^ Aialj^) lia. 49 o_4^' 

4 \j^^. \ 4 . . >.1 -v __K 4jt4^)4 4 ^ (J > 4^5.29) 

J D 22 /D 1 1 = 1 ,(Dl2"l"2D66)/Dll = l .5 os-Laa. Cll!iL<il*-a Clli 4 x> J-a'Vla a 

jlaa4 [9-5] ^<ajL_a]l -lie.) ^jljajl ^ic. D^/Di )— D 26 /D 1 1 = -0.5 

: S 
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w = 0.00425 
max [) 


a p 


( 5 . 35 ) 


11 


dili a 1*4^3— a \\ a Ijj I D26 J Dj 6 (JLoAj ^ lp| 

_^.1_1a1I "a 2Z& a 3'q^ a oj 3+ '\\aW a SjLJI 


1 4 qV-i A 1-aLk 


: + ic -^' aA; ‘ Di 6 _ D 26 _ 0 j D 22 /Dii- 1 ,(Di 2 + 2 D 66 )/D„- 1 . 5 , 

( 5 . 36 ) 


a 4 P 

w = 0.00324 

max [) 


11 

i %24 (Jj 3 ~g.l,W ‘il (j (jC- (»- 2 kA 4 M UakJl (jjfL 

> # I 

CjlaJall SJ^xHa A ^ju Ag a 1 1t\ (JaJ J 

tcdlj £-a .S^)IaLiLo AIjLg djl.q 0 J.WAa 

JaAS Al Ha p^C- ^al.lVuJ c > lUiii cAujj^j 0jllij l x>ijl (jjlHV JJJJ - _j 0jtH (jl ^)£2j 

AyjW) ^cjtH (jpj AjjILq q\ ^\'\\xti) .^liaiVI <UjuiLoua ^ja 

aJx^u CjlaJa]! oJJxIIa A ~\\kt.^iW L_jj^)ii AioSI jHaj (jl 1 g.i^Aj 

. -Aj-aUk 

JinJI CjI 3) (skew) ^plaliill AilLkiA ^_^. 1 _ 1 a]I ^UjLaIa ^jlaj^ll (jl (j^inl 

— 5 J^'l (jpJJ l-ak ^JVua Clllj 4 _ 1 ^a^J (^!>LiJaVI £_£^jlj!iAJ 4 j u'lill 

: AuLjaLiill j jl Jill 4 JjL*_a £j!L 6 AaI*Ha 1 I X-Y ciAjjl.i^.yi jA^ 9 


w. - 4 cos 0 w 9 + 2 ( 1 + 2 cos 0 )w, 

xxxx xxxy xxyy 


-4 cos (9 w. +w. 

xyyy yyyy 


P a sin 4 0 
D 


( 5 . 37 ) 


[11 5 ] -'■ v'i . . V ' i ^ ^42 <^bI 

( 5 . 38 ) 


x = 0 ,a: w = 0 w, - 2 cos <9 w, =0 

xx xv 

y = 0 ,b: w = 0 w, - 2 cos 6 * w, =0 

XV *V 


4 q\l 4 ^q. *r \ . ^ dj^Lqla-q 4 jjA ^jJC- 4_jl 4 _a&Lui4 

— jl iojlaLilall 4 JjLo 1I Cjl3la^)ll Cjli 4 -«. D£.L«*i2k dx> LqIjca] l^_jl ^Ic- 

c^-^LIaII <LU 1 a g .1 W‘iVl a^-Lud^. CIj^LqLxa] +ia^aC. 
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D. - + 2 Z) , , 

£> =£> =£> — ^ — = (l + 2cos 2 #) 

22 1 1 n 

1 1 

11 (5.39) 

— — = = -cos 6 p = psm A 0 

D u D n 

^IIgJI 4jj^Ij 4j31^g S^Lg Sc-Lul^. ClLyLolx-o (5.39) 4 JjI*-g11 S^Lua^JI C1j^LgIa-g ^3l£j 

a y 

<_j£-gj .4 ^j4a^i 11 L_ijl^^. 45 Ajjlj (J^ln 4_i£}lj ^jL^-g jl SjLgII _jjL^-g Clili 

* 

\ j ^ Jnae.*! Aj31^a1I SjLaII 4jj!>Ij o^Luiik cIl^LgIa-g (jl (jl-ijj 

D' n = Z)(l + 2cos6* + cos 2 O) 

D'n = -C>(l - 2 cos 6* + cos 2 6 1 ) (5.40) 

D’ 12 +2i9' 66 = D sin 2 6* 


d^LgII 4jjuajj^)]I CIAaL^-jVI (jliisl 1 <g^ iV ^IjjLua-g jiJ-iIIj D 26 _5 D 16 t *’* 1 

, t 

oAjac- ^j 3 Ja.1 ^j-g 1 — 5 J j.i^JI ^ D ijj Dy ^3 ^ J-*3u 4jLi\j SjLg 

* * * 

<0 5_a jS db^a Uu UK t(5.40) ^ .0 3UIKUI (skew angle) >■ jlluil l Ujlj] 

t } * , y , > 

<jl c Dl6 4-^ uj i^)j£ AjIgaI _jj£I (J5 ajjj j 4D22 4-*°^ *■” u*o51jjj Dll 4-^ 

. ^)j£l ^IIgII 4_LLg!1g ^JC- j-liu 




4 411 Vull 4 %j4^11 ^uiJjA :9 — 5 


d^)9 jJ-g 4_alL^lLGj <LLg1g ^jLaj-sal 4_x-al_k 4 *\j*s^*o ^ <jl Lgj 

4.\j3Vujj,g ^jLix-a (J^l 4 ^j^a*oH J ^I^JI q^ix,\ ^Ic. (J jj-sa^JI ^jjOjail ^-UaJjail t4-ljg A*n 
U jUJ ^aJ 4jj^JI qjjju 43jl^)^.j 4_lajujl ^_^.11 a11 3JjLg!1g ^)JC.j (J5ag11 
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2 5 l) J*^-^ \\ 4-^.j L5^“ •^-M-‘ jA ^ 

(J^- c_ljL^. J*\ x*oll (J^il ^aJ3 (jLiJ li& ^»JJ .Aa^ua <xjJal_k JL^II Aju^a 

C' U*\ IajLuj k'* \ lift jj ^Ull aJL^JI (J^ £) a .<j-£al_k ^-^.LIa]! (J^Jl ^xi3j _jjJ^) — ^Jjl^ 

d^' cr^J *Die/Dn=D 2 6^)i 1 =-0.5 J D22/Dn=l,(Di2+2D66)/Dn=1.5, 


w m =. 00452 ^-£ (5.41) 

Mi 

^ UakJI IjlA ^Ijj LailJ t%6 jillj - ^Llj (J^- ^xk ( kljj i!3j 

• %28 ^UJI 


([11-5] Ashton jjiuii cp) AislLdl fliaJVI Sflu»a» uwu :1— 5 Jj.isJI 


D l6 

D n + 2 D 66 

D 22 

d ; 6 

D'n + 2D' 66 

D\ 2 

Ms'j 

L a\\y<\l 

0 

Mi 

D n 

D n 

Dn 

D'n 

D'n 

0.0 

1.000 

1.0 

0.0 

1.000 

1.000 

90° 

-0.174 

1.061 

1.0 

0.0 

0.702 

0.495 

80° 

-0.454 

1.412 

1.0 

0.0 

0.376 

0.141 

63° 

-0.500 

1.5000 

1.0 

0.0 

0.333 

0.111 

60° 

-0.587 

1.690 

1.0 

0.0 

0.260 

0.0675 

54° 


JaJlj g.j'Vuall JaJI J^S £y» K Cf A aeVI fllauVI C&Ulxa :2 _ 5 JjJaJl 


* ^J*4J~lt^J J^J u- 3 ^' cr 3 *^' 


cK 

Oiall 

JaJI 

% 

l all 

JWJ 

K o-U 


0 (s-lia-WI) 

K 


K 


0.00406 

0.00406 

0.00406 

90° 

0.00408 

0.00394 

0.00411 

80° 

0.00422 

0.00336 

0.00444 

63° 

0.00425 

0.00324 

0.00452 

60° 

0.00430 

0.00301 

0.00476 

54° 


.[11-5] Ashton £jli! CP {*) 
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1 0 5 ^ e£lS!l c^LjIIaI! (J^.1 aILcIaII cIiajji^) 

tlc^A j .0 <j-a2 Urn jljJp D 11 /D 22 4 o^Lua^JI CjXqU-a Ajjudjl] a11c£ 

jjjj — ^^ILjUa IjSj ciila JUlLj t0 A-<ua cib^aalij tDi6 j D26 ^ CjjIjjI IaI£ 

.1 AgnK Aj-saLk ^UaII L-ii^ill j 



Ashton 0 ^) ^ j 1 “J ' j ^ d^Lui^ll Aj^C aJV^j ^-jLua^xll &\ ^JaIxa :10 — 5 ^J£cull 

([11-5] 


jialilSl 4 _uoSU- 4 A^SLualdil dililijil CLil j CilSulail Sj-lxla 3-3-5 


a^LlUll 4_ial£ljt41 4 \W , -^.'^\' ' " \\ 3 'lt\l SjLcla - Q ■ .a J p4 

J ja.jj <3.3.4 Sjaall ^ (Antisymmetric Cross-Ply Laminated Plotes) 

J jaj opluia. ClLLil*4i J SAn=Ai2, A22 = Ah, Afa jUUakul O^Lol^ CIl^IaIjCA 

Dii,Di2 5 D22 = Dii, c-Ll^Cl ag-U*j> C1 l)LaI jca j *B22 = “Bh Bn AlUalujl — 

Aj5S\j Aj^jJall a^jL^IIj ajjILq Ua (New Terms) JIajj D66*j 


A_iLCali2li Jjll dlV cIjla *■. B 22 O Bn J Aj-saLk ^_^.L1 a11 

I j l.g Aiajl^)A C1 l)\1i11 
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A B'xx + A 66 U ’yy + {Ai + A, 6 Kv “ B 1 1 = 0 (5 .42) 

(A2 + A 66 A'xy + 4,6 V 'xa + A \ V ’yy + B U W 'yyy = 0 ( 5 - 43 ) 

A 1 O'xxx + W. w ) + 2(D 12 + 2 Ae V'xw - A 1 ( W 'xxx - V 'yyy)=P ( 5 - 44 ) 

JaJ cJ^j Leissa j Whitney L ^j jklS 

i jI.VujjVI 3*i u*n c — s^)3a3 S2 

X = o, a : w = 0 M x = B l X u, x - D x ,w, xx - D n w, yy = 0 (5 .45) 

v = 0 N x = A u u, x + A n v, y -B n w, xx = 0 (5.46) 

y = 0,b:w = 0 M y = -B l ,v. v - A 2 w.„ - A = 0 (5 -47) 

u = 0 A = 4 2 w ’x + Ai v > + Ai w > = 0 (5-48) 


niAsljajVI J 


u = 


I2>. 


mux . miy 
, cos sin — — 


n=l n=l 


V = 


ZZb. 

m=l n = l 


. mux miy 
, sin cos — — 


(5.49) 


w 


m=l n=l 


. m7ix . n7iy 
sin sin — — 


SJj-aJl I j] JUibll igLilisa cJ)h\^ l jias 

1 ^A Cllljl 4(5.25) ‘Lua 'I 4 jjjj 3 A LoiLulLaJ AjjLja^xll 

.[12-5] (Li& <jIj£ Jj 5 t*' ^ OjA) (lS^ -2 ^) — 

\^\ 4 _L 2 juU 4 ^_yd iV'l . 4 1^1 


. nmx . miy 

p = p nm sm sin— 

a b 


(5.50) 
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AuLjaliiill diV ^IxaII aj\3 i 1 1 — 5 J^ll m — 1 , n — 1 aJL^^ 

A mn , B mn , Cmn Cf. JJJ*J II oAi .( J. J3j) C_£A aAJI JajjAlj 4-AU1I 

4 \ 9 ^\W ^Jj|_^a J< A ^ 4 ^Q^l->\ l 4 -v. jQ . ^\ l 0g.lj.jj7k o!)Lq 1 _*-q j p mn aJV^j (5.49) diV.il*-all 
*Uja1uj4a ^C <3jj-a^o A-iLaldcl AlijljJa^)C aJ^ 1 ^* jj?\ 1 ^j-«a Ail ^r."lVui)'i .(5.30) 
3^. ^J^l o -0 (J^I^aII (J^Jl ^ja cIjIaa LaaII ^a^. V] ^l*Wi V 

.aUjoiLaIaII ^ja 



4 ^ n\ ^Lua jC- Jjaaj : 1 1 — 5 J^u^l 


AjjUaSI (_ja£j .A j'q 0-i 11 A gl3l ^^Ac dlla±la]l 33c ^jjjIj ^jjj^jAj <jl 3j^j 

* * * 
^jli*-a ^jliicl ^ic. j^Vi ^£1 AajIj AjKII A j'q A a£Iaja gULij aJjL*J1 

Jj A j<i 4ill A_aaix-a]l ^Ujjq'i ^)4C dllaJaSI 33c jjja'n ^aj£j cl&3jc . (j j^l AjjLaja A j'q^Jo 

dil 3 a y<i 4ill ^jLik-ali ^ja (sequence) aAjaLa Lijl cillA . jj£la jS£l dildLa 

^ Ia£ cAajIj a£Iajoij (j£]j t dll q ^3-1 II ^ja 3j! jla 33*J ^Jaliill A_uj£Iaa AaIU^VaII dllijla^)]l 

.12-5 JSill 
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CD 


2 CjliiL 


iimj 

4 (Jjliila 


] \ 


nxTxrn 


f i 


'fimH 


r 


mm 


® CjljilJa 


1 


ci mil). 


ii mm; 


nil ini' 


ainiJ 


jhssbeeiiJ 
Jbhsssebo^ 

• »«u30XIZlXn«e» 
ioJUESSIIE 
\»»nrr¥¥T7 

mcamac 



g l** J a ' 12 Cjlllia 00 

jiaUjJl 4mSUa Cil\l j dit 3 4-jAjJa a Jlla : 1 2 5 


A jihia li^a ^3 ^-aJaC-V 1 IpjLiJ LgjjjJ 13 — 5 (J^joJI 

A_xjJaLk c^joi^ ^Jjj - Clnal^C. 4^)JaLii]l Ajuj£1_jcx>j (J^i'iill A \j]"a"un>a A_i]l k^x\a dilala^j Clllj 

^[(5.50) ^^a m=l, n— 1] 11 5 3^* *>11 ^a a ti^^ll a j.\)> 11 AljLja^x]! 

ji 

j^*J1 a_!U> ^ a .ajql j 6 1 4 t2 1 jLud-o cijLiilall p^c. 3^-1 O -0 

jl jaVl A_i*<aLk ^llJl Ajj^Ij A^_iix^a]| 3^- djlajlall tjji ^^LlLo!)Ul 

~g.l.W ‘ll (jl^Vl (JLaA] jli cA-iilall AjjUj A^iix-a]! (J^-l (j-Q Uol .^JUalli-ul ~g.l,W ’ll 

g.1 KiVl (jl ^1 *%64 ^jl^Loj ^_fl^]Lall ^j-o Jai L_kl^pJ^U ^j-sala ^ajj ^JUailuji 

!<j-aLk ^llJ Ajj^Ij A ~\\ki.si\\ l_jj^)5j A_ll_^. ^ A_1 g CjI^-g Cix^u JIj^j ^ qjq^ll 

Ail^j £-q Ixj^)j-u AxiL^jj ClAil^^jVl A-ll kui)l — »l Wil (jl^Vl U ^j-ial^l 

(jl ^ ‘i»j .A 3,/b Ajc-LaII <-b>iu]l A-<ua ^jc> jjiaxj t djlq^3-»ll 

UJ*^ u' J*V' (JaL^j V tcdlj .<j-;aLk ^.llftll Ajj^Aj A_^_iix-a]i 

.djlq^3-i cLaxm i^ja p_^.j aJL^. ^ V] ^jiD^ LLxk djj^. 
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~s.\.Vv *ii" -IaIxj t djlq^H oJ^tlLo Aj^^aII ^I^aII ^ja ^jjj£ ^_ 5 -S 

^UaSI ^iIaIxaII Ajjaj ^Ac. ^^g-ujLoil A_^aij-a]l Clilil j^J ^3 "<lUa!lujl 

* 

^ IAjjju jjjIj ^jj£ ^ )U>I1 JIjaII lift ^ ^ 12 J G12/E2 ^ diifj iSl E1/E2 

— 5 cJ^jaII ^ Ei/E 2 =1 uj^ E1/E2. — S <jjlaA 1 Cjlil j^jVI 

LoAic- <jl aJ ^Jujj Ia£ IaIaj "AJlkU ~c.l w il" _jj! (jli cl 4 

(JjjSJ V tl-^Aj /aJLLjja! -pUaJ" 6E1/E2 A-<u 3 ^I^Jp 

c_jj^)ij l^jvLu-o (Ei/E 2 = 10 ) o* Ai±UI aAjIjj ^.i 


^ja A_a±la]l aAjIjj A ~\)kks-i ^3 JUJ1 ^A Ia£ ^)I^aj ^llftSI Ajj^Aj A ^ 


.(E1/E2-40) ^^Jjjl-Ciialjt 
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diaj jlallill A i hSU <i j 4-ill CjtajJall aJJxla Ajuja A gliaJl :14 


([ 12 “ 5 ] Uuu'Vj o&) ^jjUajC. 


jlaljlSl 4 _uo£Ijla dililijil dil 3 dilLJall S-l-lxla ^JlLuflll 4-3-5 

-UiLJI dll9l3^)]l dilj C ll fljJall oJ3xiii - ~Q - ^ - 3.3.4 ^3 

J Jj J*-a jjII j (antisymmetric angle-ply laminated plates) 

— gl ia.il (jljiil a»lu> ClXalxii j SA.66J A)1 ,Al2, A.22, AlUaJuil 0 g- \ 1 " CltvLalxii l^J 

* 

(^dj tl^Aj .D66J Dh,Di 2 9 D22 e-l-^-jl a^Lud^. diLalx-aj tBi6 ? B26 ^ ^" Ua1 ' 
\ * * 

A A Aji-Iu \1a£- ^UVuJ-gl.W'il (jl^Vl (j-o 1 lc.^j A A 

4,ia)"ala]l Aaldaliall Jj! jail dlV jl sua <jj . 4 _u,i£Ix-q <a]U.«Vdll dllijls^)]l dll ^ 

t (js^x,\W 1 g ksix n A J^)'i^a]1 j 

A 1«'„ + Ae U 'yy + (A 2 + 4,6 Ky ~ 3fi l6™*,y ~ B 26™yyy = 0 ( 5 -5 1 ) 


466 



( A 12 + A 66 V'*y + A 66 V ' XX + A 22 V 'yy ~ B 16 ™x« ~ 3 B 26 W, xyy = 0 (5.52) 

D n™^+ 2 { D n+2D 66 )w,^+D 22 w,^-B 16 {3u,^-v, x J-B 26 (u, m +3v, JW )= p (5.53) 

A 3-i S3 (J 2 J (j-° fiAA ^luj 

^jlaj-sal! ^ja S2 (JIajUjujI ^aJ Aj\ [5.14 J 5.13] ^l.TuJV \ 

• (3.3.5 ojiill ^5 <ja£Ixa <JL-a!iAll dllilS^ll dlli dllkjlall 

x=0, a: w=0 M x = B 16 (u, y + v,J- D n w, IX - D l2 w. vv = 0 (5.54) 

u=0 ^ = A 6 6 (m, v + v, x ) - 5 16 w,„ - 5 26 w ljy = 0 (5.55) 

y=0, b: w=0 M y = 5 26 ( M> + v.J -D n w <xx - D 22 w, xx - D 22 w, yy = 0 (5.56) 
v=0 = a 66 (u, y + v, J - 5 16 w,„ - B 26 w. = 0 (5.57) 


00 00 

u = 

m=l n=l 

00 00 

V = 

m=l n=l 

00 00 

w = XX C 

m=l n =1 


IEa™ 

1=1 n=l 

00 00 

IZb. 


. mjtx 
sin cos 


mux . 
cos sin 


* j a l Jax a] 1 Clllil I ^jl IaJxj 

nxy 

IT 

nrcy 


(5.58) 


. m7ix . n7iy 
sin sin 


a b 

C^l£ 1 Aj Ja j^)ja] 1 J <AlaLi]! 4_iLjali!i]i CllV ^IxaII ^IkiA (3^-j 

(J lAj t(5.25) aJjLxaII 4m>'l AJjaIxiaIaj 4£aa AjjLja^xll aJ^a^JI 

Pmn (5.58) ^ A mn , B mn , C mn jft u^j 4i£Aj .4aja^J| 

J-l (JAJ tcAlj Jxj .(5.30) ALIxaU (JjIaA (J£jAJ a SfrljA^k ClAaUa j 

£a^j UJc. Ia ^JjaLoUa <ijj-a^A A_ilaLuC-j AAjLja^c. AJ^a^. 

.^AjaLouaII ^ja (jA cJ^ o -0 cIjIaaLaaII 

AJIjAa ^g-iogj jq.iJ-A' s. 1^1 djU 0 *i'l jjIj 

AajIj) jljjVI ajjLaja aAjIaII cjlilSjll CjI A ^jlL^all ^ja (Sequence) 

.15 5 J<^'1 ^3 IaS C ll 3 A-lH ^JA .lA^JjA £A c(<£Laja]1 
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jlaliill <Lui£bu) ulili j Cil j 4_jLL Jlla : 1 5 5 JiuJI 


yet 4 jiLJa 4 -v jj * .a ^ * lAr- V ' 16 — 5 ‘‘‘^ (jjjj 

: S <aa! y± jjj~ dual jc. 

|j- = 40 ^ = .5 v ,z = 0-25 (5,59) 

AIijLja^)x]l 4_I^A^Ji (J^.1 <_ja (Jja 4jj1^] 


__ ^ . XX . Try 

P = P 0 sin — sin — (5.60) 

a a 

(jl (_^1 <45 = 0 ^L»u Q^fli 

J O -0 ‘60 = 0 o* 30 = 0 jJ o-° 

AjIlaAI <4 AjjIjj A jqJ-ili ^jLaj-sajl ^^9 1.1^. La^_a j£j a\\ ,J*VuJ~c.l Wil 

Jjlc. jl ^jLaJ 4 4_^_iix-£a]l c^aI Ia^jC. \jj_jaij cdjla±lali jLpjlj l*J^*jj 

6g.\,j>j>i‘N C1 i!)LgIaa (jli AHjIj a£Laj.jj (_ja Ajl ^ja .Cjla±]a 

oLLaaII 4JUv , uJ~g.l^Jl 


( B 16 5 B 26 ) = (Q 16 ’ Q 26 )4- 


2N 


(5.61) 


.aJUoIuiI — c-Ll^jl ^)jjIj jjiHll jAj-£ia 1^£aj <N J-pjL (j-^allij 
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Aiai 


jjtLj 


17-5 JLiil 


.i 45 I 4 jjLoi-q ^iix^aJ i o ^.\x'..\a E 1 /E 2 CIl^LoIx-q 4-b>uj 4 j AlijljJa^)C- 

^aj3 (J^.1 L>° ^£-0 Cjlii j^JVI ^UaJjuji ~g.l W 'i^l (j> liA 3^i J OLj 

.Ei/E2=1 ^ -qj ^ \ \ 1.1^. c*iL g.1, n* uaAj c C1l}LgIx_a]1 Ajj-uj 


* 

» 

4 

’VlAxS’ 3 „1 

^ 10 , 

Pq" 

f 
1 

D 

9* If JO* 4 #* 

^ a. «i'U Ijjtj , 6 

AliLa Cjllllj Cj|j jlaUill 4 mSU a CjUJall 3 JJ&I 4 4ju A uiljaJI :16 — 5 

Jas. Ciajj 




4UL> Cjllllj uj|j jlaUjJl 4 1 11 SU 3 cjtLJall sJJxla 4ju 4 a-ii^a uiljaJI :17 ~ 5 

^LajC Ciajj 


469 



:3-5 AsijAyA 


.(5.30) g32J 1.3.5 

.(5.31) 2.3.5 

.(5.49) AkkJ j A. B mn , C mn ^UaA Jc. d-k 3-3.5 

(ji Cilalajll 33 c. kljjj Aii,A22,Dh,D 22 jk2 kL£ 4.3-5 


^3 A_ioi£Lx-<s 4 Cjl3 4 jfldall -klAxkl (Jlk 

T12-5 Jkill 

.(5.58) m*A J A. B mn , C mn c> d—' 5.3.5 

<^3 Cjlslsjll 33c. 3 jIjjj Ah,A22,Dh,D 22 33£Lilj<kl jkii 6.3.5 

^3 jk, V,ti 4 _ioi£L*-<i aIjLaII dll3l3^)]l 33 1 3 4 iq iMI ^31 a. - all (JHa 

H5-5 


AjualaJI j 3UluiVl * A ".’ illiJail 033x1a ^U-u! 4-5 


Aki jI.YujjVI AiaJjaiJ i” \\ $\lh\\ oJ^tlLo Aljlaun^ll ^j\ SastW qa Alal*Jl Alill 

x oUjVI ci^j l? A juJaUJl j tx=0, x=a, y=0, y=b L_il 

> 

^)j£l AjJ^. Ja j^)joi J A_^JI_x-o 18-5 ^9 

> s # 5= 

^j-0 (JjL-a-O ^9 AX. jUAlll D£.Lul2kJI AjIaAi 1^1^. ^jJaj!L £-G . 1.^)3 3M 

s> f ^ \ 

^9 A_^_iix-a]l ^•IxjjV A^^ajoi CjL^JLx-q ^ij . 3a u a ill (Jj^aVill 

A_^-iix-a]l ^IjujV Aj-aLk aIL^JI c[15 - 5] GcfC j Adlxll 

. [1 — 5] (_5^J ^X. dilajlaSI £ JJlxILq 
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Alalia JaxUa CAaj jUIujVI 4 hu *ij LjUJall S J-lxla 4 Llalm4 4a.iL^ : 1 8 ~ 5 Ji-uifl 


(J^la ^Ic. ^ajU. (JUijl — L_flj^)x-<i j^A UK — 1 Un coAaC-V^ ^r.x/n UaIc. 

A (_£j!Uia Ajjuiillj Jlxij^U Q^fU ^r», /n UajC- . A^axII 

SaUua A'\\\y C \\ -n^a Ax_JI <UjIjj Ajcniall i4\‘U“i uilU Jjj9 . AxJl AUjUj 4_x_nla 

ciulK 1 a] t^lc. 4 JU. JHa ^ 19 — 5 (JKaoII o^. UK i^Jja^'I oUjI 

-UaJl <jl Jo*\V .Ajn-\ C1 jU.^a eAC- lUn 4jl_9 oUjl ^9 Ia^. <LjJa 4 *\jqx^all 

. E U*ftl *lii ^>1* V 19-5 JLSfl ^ (Nodal) ^i*SI 



4aaJjaj jUIwjVI 4Ja.UAj 4-aaiua ^l*_ul Ja^j : 1 9 — 5 JKuJI 


UK 4^jl .oAaC-VI ^j-3 4_1 a Aac-i ^jUx-sa]! ^9 (JUijl — ^Jja^II IK ^L»u (j] 

.AjjJjoia Lgjlib £a <ljA**kll oUjl ^^9 <UUajj ^j^aVn 4ja-iix-a]l (Jjla (jU t4-]jA*\ll CIjaIa^I 
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(jjj (JA 1 a^.1j l^)LudA cdLolJ^ Jlxijl 


)UulA < \X,*.U \ \ 


Axj A_^_iixAal] .20“ 5 ^9 ^r» ,\\aW JL^II ^jOjaaII (ja 

0£.La^. ^aJ3 £a (_j£J j 4^1*04^ aJ^a^. ^ja ^)j£l aJ^a^. 4 £91^11 ^3 4 (JaVu ^jl 

^jl Vn aJ^a^. ij? 1 (JIaI^.1 ©aac-V^ ^j3-»u *i*i V 4cd]j 20~5 cJ^ ^ ^a£ 4<j9l 

Jj A_iian]lj LaLaj ^jjiilkA A (jlijLAjyi (jl Jj-£aix]l hj (Ia£& j A_Ija^. 


V l A nj 4^J^A*J1^ l.Ag, ‘lA A^.1 J Adjolillj A ja^c-VI A_]ja*s.H ^ ‘ix'l oA^3 4^-l_*ajV^ A-I^a^. 

^^3 (Jlxijl ~aJja^'I til jLa ^9 lc.Uakjl V] ^A_^_iix-£a]i^ AjjouILj ^ Wi 


.(Aj£^)11j ^^C-Aj JjaII 



^jIuiaII ^y 3 aIa^a a ‘vjS^t d j 2 jj — JaaJI tiljluj :20 ~ 5 


oAA Clljl£ lij V] A^-iix-a] Jlxijl — Aj ja^'1 ^ W \a ^3 Aj£^)11 cA& 4.** iW'i V 


(magnitudes) 


Jp 


1 L 


n 


Ia£ 4 £ LjaIa 


oAxj 


'J J* 


ALuU 


Aj£^)] 1 ^jl3 4 Ajj1jjjV1 4_jjjx1] SA^^IaI! 


■21-5 JLill US 4 JUiil-SJj-aJI 
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7 




A 

L-lJjaJI D jLJ £a Jtjliyfll! ^buj| :21 ”5 J^u^l 


:A_C.^j 2 a ^_iix-aj J^jl^la Clil^ ^jli 


cAdllx-aliA dAiils^ dlljj ^iallill Ajuj£Ix_a cA-IjLa Cjlsls^ dll^j a^)ialliA cA_*-aLk ^-^.LiaII 

J 

^j\Sk 1 _a£j . aJIAu J ~cA Wii (Jj 3 ~»1 Wil ^IajI (J ^.1 A qt^Ali 

Alal^A A a Aj^. -la cJl— (A UjJ <3.5 a^ill ^3 (JjLjia ^3 JUJ1 

.^•1 x^ijV \ (Jjg.xxn (J^.1 ^ja AJJj^laAli o (J jLaaII ^^3 jl YujjVI A_LaJjudJ AiL^J 


jl 3 j ^)Jaljj]l A_iui£Ixa 



<LuaLi ^jaIUI CjlLJail aJJxIa 1 . 4-5 

Ajj^Ij ajLa <_ja a-li^j AiLJa Uaj A_x-al_k ^-^.IIaII Ajj^j A A_^_iix-all tillLaj 


^Jajoill (J ^jJalliA (J£jaj Aisi ' n Aj-aLk Ajj^Ij c.” il 3 Jo b<lC- ji Aj-al_k ^_^.1_1 a11 

iS iS t > 

^3 .^AjIIx^a Clilsls^j dll j a^JalliA A j'q^Ja A_^aix-a (J^di A A Jail A_^-iix^ail Jajoi j^\ 

All, Al2 ? ^22? (j-Q -la^S A A_^_iix-all ag-La-s CIl^LaIaa <^dlljj llil£ 

~g.\.Wil (jl^)3j jl AJU-i'uJ — (_j-a3 J, 1 ^ ’J ^ cr 1 *^ D66 -j Du, D 12 , D 22 

IW'n — A_^_iix-all (JjLuia (J^.1 ^jaj uilli -Iaj aJUslLuJ ~g.l.Wil Vj t(Jj3 

j 

iJais aA^lj Aj\x>ilij A_1 jLxa A_lajaji^J ^IxdVl dlV J)A*S 

Ai^'xx« + 2 (^12 + 2DjSw, xxyv + D 22 Sw, ym + N x dw, KX = 0 (5.62) 

I jI.YuaiVI A.J-ajxAij AiUJ A^I^aII AjJlaJI Ja A_*_iJald J 
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(5.63) 


x=0, a: SM X = -D n dw, xx - D r Sw. yv = 0 
y=0, b : SM y = -D l2 Sw, xx - D 22 Sw, yy = 0 

jli c5v j 5u (_£jAjaa]I ^ CjI jjxlll t_jhc. iu*n Ail Ja^.V 

.(5.20) aJjIxaII AaIx]1 aJL^JI Jajudjl Li& Aj^JI 

AjjijI VaN Aj^JI Ja £a AxjI^)]I Ajj^aII ^ja A_iLjali2]l aJjIxaII a^A (jj 
Jaj^)jai]l 1.3.5 ^3 A^LaaII aJUaa aJU> ^^3 Ia£ Ja u*n Aisl^All 

^jc. ^\x3 5w ^)4*J aJU. f^gSj Alnjl^Jl CjIaLjjVI ^ jjxillj Aj^JI 

a * 

5v j 5u t£JJi -^b«jj^U JjjLJI s-LiiSI SJLa. w = 0 (jY ^l*jjYI 

5* kW Jl 

A3J jjAjdll ^Ac- ^Lij tJtilljj .A-plc- jjc. jj AlU. ^jc. Clil^jxj 

! (IsLaljI^ 

0 . . mrcx . nicy 

ow = ^4 mw sin sin 


(5.64) 

a b 

y J X ^3 A_^.^a Jl ^lal C_sl_iAajl II j HI C* n*\ 

Ijj (64-5) aA-AxaII aJojaI^j A-^JaLill A_iLjalli]l aAjIxaII ^jK'n tc*i]A ^Aj AiLiJaV^J 


N x =7T< 


Ai 


m 

a 


+ 2 (D u + 2 D 66 ) 


J- - 

2 


4 


2 

n 

+ D 22 

n 


a 


_~b_ 

Jj_ 


m 



(5.65) 


* U ^ a ^ o ^ jljC . ^JJ til — 1 La - ljc . v W’i N x i 4 _ aj 3 . . a ' ^jl 

: J] jrU^VI 


N x = 71 ‘ 


D , 


777 

a 


2(£>12 + 2 -°66) 


D, 


a 

m 


(5.66) 


^)j«*n cA_^jJalj ^)JC- ^-g.3 HI 1 a J«1 xAa ^j3 (J^.1 (_ja -/V y ^ Aj^xjasVI AajqII IaI 

# A_^_iix-al] a/b (AspCCt Ratio) Ajc-121 AjjaIHj as.LuoJI CIj^IaIxa] 4_aAl^A ^3 tJ^.1 (_ja 
^ 3 ) (Di2+2D66)/D22~l j Dh/D22=10 ijiui cJ-ijaa ^gic. 

i ^,u/i'i (5.66) aJjIxaII ^jls (^Au^^jjj — aJAaa 


N: 


k 2 D 


22 




2 ^ 


2 + 

10 

m 

2 

a 

1 

— 

H — + 

— 

— 


_ a _ 

b 2 

m 

b 4 


(5.67) 
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(J^.1 iliA J <-b>u21 22“5 (J^‘Ii'1 ^ 

■“ •* 

X. A^.ja l Qx^Vi c3^J 4_^-iix-a]l x \\) t^a/b^ 2.5 iS^) o^)\k.xs> 

* f 

!4_9^\_xJIj Aju^a A -^. \k>.s-i\ ^-Laxj 4(JU1 a 1I cJ^f^ 

— 13 tt 2 D- 

(5.68) 


N x = 


22 


A 

i_al x-Vil ( 3 ^j g *q‘^ aAA jli c^^aix-al] A.iC .121 Autiill <L<ua Lo^jc- 

ij tL^Jajuij a/b ^ ^ u^jj tx jj^la j!-^ a-^j^ 

l(jA A l_jjj9j 

8.32456 tt 2 D , 


7V: 


22 


(5.69) 


^Illl c^\h5r~ ^1 jKu CIl/IjIc- ^.Ic. cJ jl ^a!1 O -0 

]^a'\ qa <alli-a Jalajj <aii^-a <a9l^-Q ^Lx^jl CLi^ ja^. ^j 3 22 - 5 **ill Ig. n n 

• >' Jj eM 



JaiuJa Ci^j IaII ljU Jail S JJ£La AlJaluj^ ^JLLua ^IxjjI : 22 ~ 5 J^u^l 

N x (aaIIa 

^^9 jl.YuaV 1 a£Lajoi] 1 ^^jjjLuiLo 

SjIa 1 S^LaII o^j 

> 

I A a. ^11 \ aIu t*U^oa \1 oLajl ^3 ^-flLill ^a (oLajVt AjjLal) 4j^)^a-<s 

Cjlalij Cjli ’A jUil Ti* Ajiila <a_iL_a t_K ■','. V- L-ljlila JjSj (j£]j tlg'iaVi CjlajJall 
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J^3 j l <al jIVl ^ja JAxJl dll ,2 A^-dx-sa]! (jl ^jn^ll — £3jp j ji — ^ .‘LilL-aliA 

J> * 

AjjJa^)3 ^Ic. (_£ 1^)11 1.AA -Iajaj cciilj £_a . ^j£I ^L*dl aJ^-a^. i4\‘*ia'i L_fl^jai aJ^^-a^JI aLdil 
j . aJja^H oLdil ^3 g.1 WiVl <La jLLa ^glc- ^-*jjL-uI (J£dj ^\jt-n^\ aJ^a^. Aa\C.\ 


Du, Di2 5 D 22 ? a_*j^V 1 »l WiVl S^lxu^. cIl^LaIxa aJI^ ^-IxdVl aJ^a^. 

-« 

dJi A <jl ^ja A_»aA^] 1 ^a^c. ^.a nj (I^£a j .(5.66) aJjIxaII Ia£ D66 

6 A qjq*\ll ^3 .ljJ_^A SljLall A_^-iix-all ^JA ^Ixdl <LajILo l4\*lA*l Aj\\ x^TIaII 

(JxVn q\ 1 g.i^Aj V S^idVl o.3A <jl A ^jqx^ll A_xj^)V1 ^ja-n ^Ac. jl Vu2^ 1 ^ ’ixj 

.((JjAa^aII jdsUJI Ja^3 Yndi ^lill A.^j^x^ill La£) P^aC- JIa AJaLxAJJ 

# ^aj^x]| ^Luj ^Ac« oLdii ^3 g.l.W*iVl ac-lxjj-N (_jAjg‘i c_Sjjuj 4 Jj^lullj 



4_i_ij V > ^-H k^iu; >1 '■■-■ ' 9 

^AUJ *lji_Ji ijLUl » 


iSLuJI j^i • 

^UjjVI Jasi lilHaj j‘\ :23 _ 5 


aJjLaSI ulili jl\ ljIj a jJallLait cjlLJal! aJJxia ^JliLaJl 2.4.5 

L 0 k ^ ^ aJjIaII Cljlsls^)]! dllj o^ial.nAll A j^iJ-^11 ^jLlx-sall <jl 2.3.4 dliiJ 

og.Ujj^ CIl^-aIjla ^ja j t aJI 3-a u jy 1 dl^^LalxA ^ja A_1aI£ A3^ix-saA A.J-ixJ^J 

oAa J ^jujLujV^ <^_S^\lidVl (J*‘ia*ij .aJUaLjJ ~g.l Wil ^jl^sj p^^.j (jjJj (_J^J tg.1 WiVl 
6g.l,j>jj‘N CIj^LoIxa (JL^.jj ^3 A_k-al_k ^.UJI A_i£)\j A j'q \h\\ ^jla^Aallj A j'q ^jLaj-all 

Ai6 aJUv*uJ~(J^ 3 S^LuOk c!j^IaI*-a liA D 26 j Di6 lS^ ~ ^.li^-jl 

to^Jal'nAll djLiilall o^A*I1a A_^aix-a]l ^3 ^-LxjjV^ cl) -0 A-aIa A 26 J 

jj£j 1 g >-s~ix ) (jC- A_L-sailA A AjoLlll Cl2)Li]l A_iLjali!i]i CliV ^IxaII 

I^lxiJvU A^aJaliSl A_JjJali!ill 
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(5.70) 


D u^ w 'xxxx + 4Di 6 t5W, + 2 (£> 12 + 2 D 66 )Sw, 


xx yy 


+ 4 + D 22 Sw lym + N x5w, xx - 0 

i iTudVl aJ-ijxaij aja^JI Ja 

x=0, a:Av = 0 8M x = -D u Sw, xx - D v _Sw, yy - 2D 16 Sw, xy = 0 (5.71) 

b:^vv = 0 SM X = -D n Sw, xx - D 22 Sw, yy - 2D 26 8w xy = 0 

y=0, 

AjA^JI Jaj^Jollj 4_AjJali!i]l CAVaIxaII ^9 D 26 J Dl6 

C-l W)V 4 jLaa (J£joiJj — ^)aV 1 lAA ^g-lxJ .4 \jVu*ia (Jxa ci^joi aL^j! 

^Ij J Jxill j! — <JjLa 11 Clilalijll dili S Jain a 11 CAjla'l oAAxia Jlaj-all 

£-* .(5.64) <EI*a11 J LS cJaia y ! SJIaj ca*.j x ! <11a *1aJ ^Jaj V 5w 

dll A o JaLiiAll dlA±Ia]l SAAxIa g.1 Wil £a AjLouILj S^aj ~ (All A 

JjlAl (Jj2 ^ja Jj^j - JjJ ^Jc- — 4_1 jIa]I dlijliijl 

Ia£ J Jlc. cja. - JHa - j) [16-5] (Waddoups) jj (Ashton) 
nlj l ^LijVl s jIjc. J Jxill (jAajjxj j^c. ([17-5] Chamis (J^ia12u 4aA9 

^=ZZ+»« sin — sin_ r ( 5 - 72 ) 

w=i «=i ^ b 

A mn . Jj <99lj 1 $]*'> ^aJ 4 JI^ll <1 aI£ 11 AiUall ^1511 Jxlll dJ^C- J 

^.ja^ ^^9 8w=0) ^-HjaaI] aJiaJI aja^JI JqVi (5.72) ^JaLxaII J 3a*\V 

jl (dl_^JI ^jA-^k Jc. 5M n =0) 4_ix_Jall 4 jA^J 1 Ja j JJI j'^'i V 4(<dl^^JI 

. Jd^Ji $.Jajj u^j J JIjJIjj iJjJaliiili caVaIxaII 

4o^)jJaL^Jl dlA&Vl J] 4_1 uA]Ij AjjJaJc- Vj ^ J*\ll aUJ A u J 

^juj — (j>a 4 Jlix-a oAC- Jj 4 -IoAILj Jtiill ^jAa ^)XJ J 

caVja^J caIajjuj j 24 - 5 lS^jaII ^aIj Ei/E 2=10, Gi2/E2~0.3, ni2 = 3 ^ :> 

A^Ij j 40+ 20 (j-Q aA^.1 j 4<_iiJa ^jlix-a Cj^Ij J^.1 ^ja SjjxaII 

(JxIjuA .<x-aLk ^UaII J^j C5+ 3 IaI 4 0+ <JjIHa AAfla 20 (JA 

JajIa 0jtij LAajl 24 - 5 J^3I .(m=7 ? n— 7) 49 J^j — JjIj ca! j w a 

J ^-jjjajj 4 [ 1 8 5] aujjj^aII (Mandell) 

(JjLua ^^9 AjjaAI^ ^IxA^l (JjLua ^9 ^a (Jj 9 ~g.l Wil JV^ J . I A^. ^_jia^)A 
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(jc. ^ cjls j]l jiMI <j-<£j . c-li^-jVl 

^j^fL ^ l^Aj . i _j-aL^JI ^UaJI 1 gjlc- ^ijui (jl£ 4 -<ua]l 

Aij*-al l_a3j -l^.jj V .^lAx-salill (.** )\ 1 ^3 UaSL^-A <_j-aLk ^-^.LIa]! L-U^dll 

AJLal-Q (JjLiLa ^-Ujjl (J^.1 (j-o ^iaLlill <a]l_kHo *Wjqx^l\l 4 j1_ioLJ 0jllj — 



]siul a lLl^j 4JjLa Cjlilij lj| 3 SjlaUla ^lJaloia ^-iLL-al ^UajVI ljVj-aa : 24 ~ 5 J^uJI 

([1-5] Whitney ^hj &) N x 


AuILu^IaII Ljlili jit lj| J jlalUll 4 -uiSbua CjlSJafl Sj^lLq 3 . 4.5 


CLllilS_jll dill ^lallill 4 _ui£ 1 *_a A ^cjl.q^'l J 3 . 3.4 S_j£aSI <j 4 JJ 

Cj!)LqIx^j A22~Ah , A 12? An, aJ UvkJ C1l)LgIjlaj ^Iajj 4_JLx-o1a11 


,D 12 ? Dll £^4^-jl Sg.l.AAi'N Cj^^Lolx-aj B22 Bn J Bn 4-lUnuJ — pli^jl (jl^fll a^Loi^. 


J Bll 1-iA (_£.1^JI <j^£j 4<j^al_^JI Ajq iJ-ill 4_^_iix^allj 4 J^)Ha D 66 .JD 22 — Dll 


ClL/lllI AJjJallill dlV Ajua (jj£j t4JUVuJ~»L^jl 11 a L-UjoiJj .B 22 

* <\ 1 l^i 3 >->* < ^ 4 !<■> < 


4 i<Kx + 4*^ + (4 2 + 4,6 y>v. xy - B l t Sw, xxx = 0 (5 .73) 

(42 + 4 6 Kv + 4«<5K„ + 4 + 4,^ = 0 (5.74) 

All^w + ^'vvj + 2 C°12 + 2 4,6 ^ 

- 4 I (^'xxx + ^'v W )+ #*<*«« = 0 


478 


(5.75) 


<aUJ jjal S2 £y* vILuoaII cJ^h (Jones) 3^-3^ f ^ 

: [ 1 9.5] jIIL-VI 

x=0, a: <Sw = 0 5M X = 5 n <K - Ai<K* - A 2 <*%, = 0 (5.76) 

^ = 0 5N x = A n 5u, x + 4>, v - B u Sm„ = 0 (5.77) 

y=0,b: dw = 0 SM y = -B n dv, y - A 2 <*w„ - D n Sw, )y = 0 (5.78) 
<5m = 0 SN y = A n Su, x - A, x dv, y + B ] x Sw, ry = 0 (5 .79) 

: ciilal I ^gi (ji (_j-q j£Ijj 


„ _ m 7 vc . nny 

ou = u cos sin — — 

a b 

„ _ . mm mvy 

ov = v sin cos — — 

a b 

„ _ . mm . nm 

ow = w sin sin - ' 


(5.80) 


a b 

- - iff .» 

4_1^a^. Clijl£ Ijj 4 AaJ^IaII AaLjaLlill Ajuq 1\ j Aj^JI Lxa Vi 


N ,=[— ] 2 
mn 


A + 


A rri rri rri rri rri 2 rri rri 2 

^ 1 \2 J -22 1 U~ 1 22 1 \2 ^1 1^23 


T 7 'T — T 
1 \\ 1 22 1 12 


(5.81) 


A — Ai 


WIK 


a 


-\2 


+ A, 


nn 


A — (A + ^66 ) 
A = — Al 

T - A 
1 22 ^11 

A = A 


66 


mn 


a 


1171 


17171 


11 n 
_~b 

nn 


-i 2 


+ 4 


66 


171 n 


T =D 

1 33 ^11 


171K 


4 r -|4 

nn 

+ 


b 


+ 2 {D u + 2D 66 ) 


mn 


nn 


(5.82) 
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i Ljajl T 23 jT 13 <j^Sj 4 Ia^axa Bji ^ l^^V 

XIaIxaII iAj-aU. ^UaH A_i£)lj <^_iix^all Jjal jaJI 3^ Jj (5.81) X]aI_xa 1I Jjl^J 

V tiij m ^-Sl cJ^\^ Tii, Ti2 ? T22 <3 ^ Dii~D22- uj^ 3 ^JaijxS ”(5.65) 

^jUx^all ^3 JUJ1 (jlS IaS t^lxAjVI AjC- n Xaj 3 (jC- lijx*n ^lYfuJ ^glc- <_j£aJ 

Vaj . A^.1 ^i] AjjLaa H II oAA 3 AjA^j (.** n*\ <j-£al_k ^-^.IIa]! CIjI qvlill SAAxHa 

^ AjoiaLiAll aI-iV^I aAA Aic- ^)SAj II. J ITI ^l£l S.VixA aJIa (5.81) aJaL*-a 1I (_|Laj tc^ilA 
aJIAj AjtlaflLiA Cljl^jjiliA oA*J aJIa q±i Ajjx,x«--i 1 <Aja aUjI C-fi^llUVI (jC- 3.5.3 o^ill 

. I >.s-i C' \Yy\jui$\ AAc- ^jjSjj C0x_ijj ^jUx^all 3 HjLuj IjjIj .S^)a1uia CjI^jjxIIa] 

^C. (5.81) aJaI*_a!I Ajjxx^aVI j’IxjjVI XI ^a^. aUjI ctilSiS A >jV^ 

sl jLuia ^c. t[5.20] n j m I a *s.j*\ x*q Uia (jAx^Vnj 43X9^ ^Jj a^xj c' 

. Ilj m ^1] AjjuuIIj N x I Xjj3?2I ClaW uUll 

^ x«^qM <U.UJI ^ A *\jqx^*ill ^Lxijl aJLuia 3^* ^^-3 dal AvixMl ^aI <_£A^J (_ja^ 

A_^aix-£i]i ^lx_ijl aJ^cl^. 3 i^Ua ^^uxj .Igjaiaj ^■IxajVI aJ^a^. ^^.Ic. ^IxajVI 1?a'i J£jIi j 

cIj^ULxa! aJIa Ljajlj ^rij m ^■Ix^jVI l*i a (J£joi cIlXaIxa! aJIa (5.81) XIaIxaII ^^a 

^jc. ^nxlill {_J^aj Ail aSj^aII ^j-o iiillA ^_a^Lk .djla±Ia]l oAAxaa A ^j^x^ill Sc-Loi^. 


*(_^l t m ^IxjjVI li a *1 (J£joi (JaL*-a XIV aj a^axJI ^lx_ijl XI^-a^. 

(5.83) 


2 2 El 
p = «7 n~ — - 
L 2 


m A_<ua (jli ( a^axJ ^Ix^jVI aJ^a^. SaIc. 11aL<uaI <j! Laj tc!ilA ^.a 

US t^lxjjVI aJaLxa ^yl^Aj n.j m ^>1S 1^ c^jlaj-all (J^l (jA Ui .a^I ^ 11 UjA ^ jUu 

> s f 

aJ^a^. c." ),W"i V JUIjj t A *\.jqx^i" 3,/b (aIxjVI) A_iC.lJI A Uxi'^l l x>ijl l^ja ^jAlj 

Ajlgul! aUj] 1, \)\c. JaSAj 11=1 . j m=l (jJJAiall Ajc. Ui^.AjAj Ajja.x^iVl ^IxjjVI 

^jujIj 31 ?- 0 O -0 ^ ^C-l 35^.1^ jl <> N x aI^a^. A q\liAll Aj^)i_x-£aV I 


n. j m fjal 

AlL^j ^aUj AJjaLolIa 3^1 ^JA X- ^ A,JUjj‘i 1I ^^)Xx^*l\l CjIjI^II aUjI (jSaJ cVjl 

> s= 

Xj^jLLo ^a!L .1 2 5 — 5 3 SaJI ^ IaS ( l.q ujja p"wa 31?- 0 ^ 3-X^ t> m _i 

^ic- J j ■ ^ 1 ^ ^ m ! <aj3 (J£i (j-« h ^ 4q\Ui^\1 j'* 1 .all dlljl_^_i]l 

(jj ,L_1 25-5 n j in j»J3 A. — i 4'q'^.a'l (_g j»,i..o'l S-ll^jll 
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A x JVq ^ j 3 tJ^.1 ^ja X J aIH^a!! i AjLgull Aaj 3 ^jC- ^3 A3 jLa]I 

^3 Ia£ A j un’i AjI^J (j-° J ^ \ U *’J a II J ttl I 

* * 

Aisl J Aaj3 ^3 Aj3LxJ1 CIjUajI ^)^.V ^ Ojfi*- 1 tdjVt^-ll a3A (Jja ^3 . l_j 25 — 5 (J^^ll 

jjc. b\ jl^L j n j m Jj A-buallj X jjc. X ! (stationary) 

AJl3 ^\ juj ^\ aJ^a^. ^Ac. (JAa .UU^I A-lLjaAj tAliill Aaj!)Ia 

(_j^aa!I ^ja iiiilA Jjj3 .Q^aIaaa c." U j.nl aJ1.i 11 a3A (jl ^ijJal^JI ^jaj in J D1 1 o^aLaa 

A — 1 ^ jxj^a Ajlgj ^ja jj£1 Jj^.j 




fll < w iii M »ii»<*j‘'JU» *n 

J^\ g\juN\ Jaa :25 _ 5 JluAI 


Lus 3 j.wM cdlj j n j m a_iuu]Ij X 1 (JjaAaII © jLi] 0 **** q " 1 

(inflection) A_Lkj ^1 4^ j& ^\ i(jjk ^ a ajji^ ajI&j L 5 Jc. <jl£ !i] 

4 A q H ^3 " ^)jxjb-ajl! " ^jujLj IAvn 1_A^C.3j 4AA3I j\\ A aj^II Ajjl^)^.j aJ^jaI^j 

Ajl^-ill ^)lj"l^l cJ^.1 (JA il^-J ^LLiaII ^ialAll Qc- j Cljlq u*ia 11 ©3A (JjA ,ll32kj ^jC- ^'ij 

aJ jjLo jjc. Jj^js mj m J a^j^.,^ jjc. ^j 3 4 (noninteger) AiiLuJi <_$ ju^A\ 

AajujIIaII ^jjc. Ajjl^^yi aAA c^Wg'u/i tcdli ^Ac- a .£31 jll ^3 A Ij Vu*iaj ttjjLjjS 
.A_a$.^Ia AuA 1^)11 AAjl^^AyU J^_^a]I ^u3j Luji 
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Ig j i'h <" )\ j)A Jl aJ_^J1 A_1a 1 Jl Cli^Jl AjjI^J ^jlijj 

C-Jl (J 3 n J HI Jil Ajli^ £ja! Jl (_£-1 a1 (JjaaII .Ij.wMl ^^3 (JIiaIaII ,J\1 £jJa^j 

f f > ^ K- K- 

(jl c . ^ J Ajl t^lll ^ 'utj .A. 1 aHI^aII (_£ju-a]l AjL^_11I Aaj3 LjjJj (jl j^AJ V]j . (J^JLj 

^ ^Xk^xW Aj\.g,‘i\l aIsI^aII A Jyi*\ll Jill ls^ HI 1 1 j. WaII (_£.1a]1 ^ j'Wj 

iajAj 3jJ ^)j3aj i^Hl (Jl JJ (jl (jj3j (_£Aa11 11a l” 1 Vi (jA 1_A Jl J^AJ V Ajl J ^AHI^aII 

.^\juj^\ A-Ija^.1 


; lg jl^q'i ^ i~^j Jill n j m ^j3 cJI-^-q Jjij <jj*_x-£ 3 jo jjljAj (jjLalc- c*ll_iA 
n (_U-q AjJj 0-° c_jl jisVl 3ic- — ^Ha X, (_^-a3liij jl£ — <^1 JjaII (2jj a.j 1^x11 s^vll ^1^ 
— 5] Ji^^. &^)Ja aJI ^ 11a j 125— 5 cJ^^ll (j^y Ia£ t(m jl) 

> vi > 

Jal 111 La 3 3J. W‘il (m jl) II (_£Aa SjLsJ ^,x nj Ailj (J Jj yLaij ^ J" 1 .[21 

1 11 l JHaII Juja ^Jc> * ^ (jC- <-o jj-ax-G U J Ajjl J^V 1 o 1 a (jl ^jJal Jl c> A — i 

* I* 

J1 £flaj Js d 25 — 5 J^lll J D (Ja j£ 1 j C oll-a£ij (_^U1 n J (^aa ^-asj 
Aj« »«aVl A_Aiall Jo (Jsl Jj£j (jl D 1 qI'N AjlSIJI (_£ Ju^all Jl^-lll j£aj Ia nj t JLuj^j 


(ji_AjJa ^Jj jjj (jl SAC-LuiaII aIjLa^JI &1aV 1 alA £a AjIaxII o^Vll ^Jc- ^,i, \\) C 
Aj^jjt 1 AA^all (jl (l£-<^ A jujj"i L$ y *- J - £a Cj A^-Ljaj ^a^*J (J^Ixa 

.aIILaII 


jjjIj jl^jj (j^-<^ Ajla i 3. 3. 5 S^lill l_a1^)^jV1 aJLaa (JL^Jl (jl^ l-^j 
A-ll >.si\A pll Ajlila A^-ilx-sa ^JC- ^\juj^\ Aj^A^. A aj 3 CliLlilall 

(jdju .12-5 (J^jaII Ia£ jl^l Jj a£Iajuj ci_il 1 ^ (jj^ll AjjU^mj 

- y 

dllsla^j ^jJallill 4_oj£lx-<i Clllajia]l o2^sl±a ^jLaj-^1 <a3l^4]l 0jliiill 26-5 

Ei/E2=40, Gi 2 /E 2 =0.5, x»i 2 =0.25 >• " n*^ — dual jc. jj-a ^c jV^< ‘ElL-aiia 

J-l j)A 4D22 1 -^g- l**J> j b A^_iix-all t^ya^C. ^J 1 AaiouIIj cjj*-a liA ^■ 1 *ajV 1 aI^a^. (jl 
(j^AJ .dillilall j)A ^-^jja (J^l (j-Gj tAiJaliAA A^-iix^a ^3 AjC- 121 Ajjuiil] 1 ^-^jja ^j3 
^UaII Ajjjll djl_a±la]l o JJ ixIa A ^)kks-ij CA q^ll jjA oIjja V p^xl ^^I^aII (J^Jl (jLijj 

(jjli (jljyi 11 a (jj . aJ11i*uJ ~g.l,w ~il (jljyi C.^ A, ^Alal^A Ajl_§j^ ^Aj^aLk 

A_iC.\j Ajjoiij A^-iij-a ^3 jjjjliia (J^l j)A . (.** ll q^Jall j}A ^iau-a p^C. aJL^. ^3 aIaAVI 
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jLxUC. 1 lij % 1 83 ^\jt-U^\ A-ftjlLaS ^AjJ 4-l^.l^U AjjLulx> 

* * 

^Uuali ^jc. %65 J A-qjIaaH A j\xqH A ^jqli (Jflj ^laj 4_g_^.j L. Y* 

(j ^£j £J^)1 (J^.1 qa ^llJ 4_Jj^)i3Li]l (j A jjjoi^aII 

4 £l\ q Oo dbuJ tJ^I (j-Q ^A C- ^J^lV^i %16 J %19 AAjLaaII 

(jl ^-iJal^ll (ja . ^Aljjll i_s^ (j^- 1 -^^ %7j SjIj^£ %8 (_gA] (jllixuall qs a^‘n 

4 4 ~\ \kt.si (_J^I ^ja c." il Aj1^!L Ixj^j-u .^1 Vn AAl AV'u J ~ £.1 Wi' ^)Al 

^xx-sal djLlilall ^ja p^C- cJ^.1 (j-Q IAa (JaL^J V 4ciIE ^a . Ajui£Ia-o 

. 4** ujj 



JaiuJa iliaj AjJU^la CjtLJall sJJjLu jJaUjJt 4m^U<i jilL^J ^UiWI :26 ~5 

([19-5] Jones jjjai £&) N x t < Jalla 


<S^a^. ^Ac- AAUaiujI -pliajl (jl^jiiVI (jl3 jy '* j Lo^jc- 

JLill (jjJLA 1 _a£ 4E1/E2 ^^JJ^lj (jjLAxxAl Ajjjij ^gJc- .lAiatJ J’lxJjVI 
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AajvIj <xj^)a A 4_!^a^. “Uajujl^j ^IxuVI 4 -S^a^. IjA ^hn 27~5 

<jl Ia£ 4ju£ jl aLoj V l^-jV D 12 J G 12 /E 2 ^ duiu .(Bn=0) AlLaLa. 

AajaJ <aj 3 (j-aallu IaAjC. E 1 /E 2 ^ (_£A1I <^11 Aj 4A^)ILg ^)JXj-a ^-IxuVI 4 _I^a^. ^3 Ia^)JjIj 

aJU^'uj.)1~»1w^ (jl^VI ^juIj Iau t c nal jt~ \ Aial^ill 40 4 -aj3 ^ja (jAaI^-aII 

# .« 

aIljIAj 4_^uix-a] ^-IxuVI 4 _Ija^. (jL^Vill ^Lj illjLjj llla^V 1 -a£ .g-(^Jaj]l (j^alullj 

.%65 4-i-aLk ^UaII 4_^uij-a 4_Ax*ii]lj C5 J oi£ jul ~ t/’ n^l ^ja A 

L>° .%43 (jL-aiull jli ^jjj — (_>a Aju^a A ^J^l i^y* l-ol 

Lille- <j-*aLk ^lioll 4_^iix-al] (J^I^aII i^^l\ QJ^ t aJaa^j]! (Jj\V^ ^)iaj 

(J^l QA %74 — dual JC. 4_^-iix-a ^ja % 1 83 ilA^. 

AjaAI ^A ^JUaJj-ul g.1 W \\ (jl^)^VI (j! ^dal ^11 ^ja ,^joi£ ^ uj (j-° ^JjIaa 4_^_ lixA 

lAa> Iaj^joj Jljsyi julj AaI Vn 4 iAUa £a .Ja^S ^juaJa ^Jc- 4_^uix-a]l j IaAjC- <fljli 

AJjujI AjjJ <^_iix-a] ^IxuVI ^ ^lu 4 JULaII J-uuj aac. 4^ 

4_^uix-a cJ^.1 qa %5 ^l__^ j 6 3-i‘qa %7 ^l__^ __^l ~4.‘ > nal^c. qa C' 



4i)iSlt< CilUall aJ-ixia 4 *jj*s ^jliuaJ 4 j m tull ^ •*" ^bujVl CiijA*. :27 ~ 5 JiuJI 

([19-5] Jones o&) 4 JLA 4 J jlallUl 
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AijLCt Ljlili ij2| ljIj jlallUl <LuiSbu» uILlLII sJJxia 4-4.5 


dllc <joi£L*-q 4_iiLla]l ^jl 3.3.4 ^9 IjC^j 

(jl jsl scL^a. J iAfaj All, A12, A22 “UUaaxJ og.Lj.17k CIl^LgLla C’U'L'i aJjLaII 


dc^Aj E)56* J Dii,Di2?D22 ^L^jl og-Lj^. O^LqLx-qj $ B 26 J Bl6 ^ L**uul gl.Wii 

UaC. LaLC LI'i-n a 4Jl3-»'uj.il~g.l W il ^jl ^Vl 1 La'i A j^Lll ^ja lCA (_£C4J 

y 

ojiili duia^j ^^llll aA\ ^\a\\ Cjlila^)ll dilc jJalilll 4 joi£Ixa 4j'<dLH a Ajcij 


1 (jsix 41 1 n a LyijJlj ci jVcI*_a <jj£j 3.4.5 

A, ,Su, xx + A 66 Ait, yy + (A 12 + A 66 )Sv, xy - 3B U) 8w, xxy - B 26 Sw, yyy = 0 (5 .84) 
( A 12 + A 66 )^',v + A 66^,r + A 22^yy ~ ~ 3B 2(M X yy =0 (5.85) 


D U W ,xxxx + 2 { D n + 2D 6(,)3W X x yy + D 22 Sw my 

- B ]6 (33u, xxy + dv,^)- B 2h (SiL yvy + 3Sv, xyy )+ N x Sw, xx = 0 (5.86) 

c\.Vuj.iV1 a 3-ij j.j.)j ^cI^aII S3 (_£.i^Jl (J^.1 ^JLaaII oca (3^ C5^^J 

Jax^JI S2 Ja^JI jc. ULu c. L .jill Ica J J^V) [14“5^ 13"5] 


oj^ill ^ <2 Lal 11 ciilalijll 


C_ilC 


JJI 


bCCxliA 


jtllill 


4_j*u£Iaa ^-jLj.^11 


jc 


<_H> 


:(3.4.5 


x = 0, a : Sw = 0 SM x = B u \dv, x + Su, y ) - D { { Sw, xx - D x2 Sw, yy = 0 (5.87) 
A/ = 0 8N xy = A ( JSv, x + Su, y )- B Ut 8w. xx - B 26 Sw, yy = 0 (5.88) 
y = 0,b:Sw = 0 8M y = B 26 (Sv, x + 8u, J - D n Sw, xx - D 22 Sw, yy = 0 (5.89) 
* = 0 8N xy = A 66 (Sv, x + Su, y ) - B l6 Sw, xx - B 26 Sw, yy =0 (5.90) 


: diULjjYI ajIIjII (jl I&^xj 

„ - . mm nm 

on = u sin cos — — 

a b 

c)v = vcos sin — — (5.91) 

a b 

„ — . mm . nm 

ow=w sin sin — — 

a b 
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‘(governing) 3-Jalill lilliSj JajjJill ULu 


N x = 


-\2 


71177 


r 33 + 


^ r T 1 r T 1 r T 1 r T 1 r T 1 2 rri 2 

Zl^l^l^—1^1 13 — iiii 23 


L 12^23^ 13 X 22 J 


rri rri rri 2 

[ \\ L 22~ L 12 


(5.92) 


2)i — 


17177 


+ A, 


66 


^12 — (^12 + 2^66 ; 


/?7 ;r 


7177 

~b _ 

nn 

~b 


~i2 


T =- 

1 13 


35 


16 


17177 

2 

7177 

2 

/77T 

a 

+ ^26 

_ b _ 


_ b _ 


T - A 

1 22 ^22 


-.2 


T = - 

2 23 


5 


16 


T = D 

1 33 LJ \ I 


1177 

1) 

17171 

a 

-i4 


+ ,4 


66 


17177 


+ 35 


26 


H7t 


~i2 


17171 


a 


11171 


a 


+ 2(D 12 +2D 66j 


11177 


a 


-|2 


7177 

~b 


(5.93) 


+ 5) 


22 


7177 

~b 


‘T 23 J Tj 3 ^aAxjl B 26 J Bl 6 (j^ Aji 

aJjIx-oII ajj^Ij (5.92) aJjL*-a ]1 <J jjj 

juli — 11 AialjJ! (5.81) aLU-aI] (5.92) aLU-aII Jlzi .(5.65) 

Ljajl Li& ^Jj-aJ c A_j]l x^iaII Clllj ^JaLiill A_uj£1_*_a ClA^O-ill oJ-lxiiA 

* 

J 3.4.5 S^ill ^3 ciA^^^LaI! 
^L^j) ;4.3.5 ^9 aJLaa j 

AIIjIjj jjjll ^jLolIa aJjLaII CjUIS jit Clilj A A.^jqx^ll ^uxiq i ^c. aJ^a^. 

aj^^c. 28-5 *15—5 Ia£ diliil§_j a£LajuJ 1 
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~ \\°l\ J)£- (JA Aj£^)A SaL 4 (JA <£jU/l^ (,j£jal]l A_JtJ^)A ^jLlk-al AA^l ^A 

aJI JvuJ — c-li^j! J jiiyi jjjIj -Di2 = 0.25 j Ei/E 2 =40, Gi 2 /E 2 =0.5 

dj\_ajia]l oAA*Ha ^jLaj-sa]! A ^kjVi (j a A_a±la]l aIijIjj ^cjIaj-ss tJ^.1 ^ja aJ^a^. 

IaAjC- .(1.4.5 ^UaII AjLu)\j A aJL^. ^^9 (J^Jl (JjsljJ L5^^) 

^y2$\ $3/2 II \W t45 I <L^jLuia ajjI^II 

" * S 

Usj3 (_£A^j w ^ ^ ^ lall (JLajCixJ ^jl 4 q ^Q"v jjti Laj^j 4_ia&I 

^jl ^jJal^ll qjq !4_iixa]l <aj 3 C_Li\j ^jLujj 4 \ j^ \ 4 jl9j!1<s 

(> (Unconservative) l^avi <j_£ jc. I^a. Imj ^UJI ^liJ ls j^I t_ujai]l 

^ A±la dixy ^ya 4-IjL<i]I dlliilii j )]l dll A ^jJal_lj]l 4jxi£Lx-<i 4 jiLiLail ^jLa^all (J^.1 

~r' 'I jiiti Axildjj 4 a£&j ,%7 ^IstiiYI 4j^a^ Uad]l (j^jfLi 

1_aS jl^a (J^.1 ^lY'n.,>\M Ia& r~\ ■ tn tdllaila]l AAC- All jyb Iaj^^xx 4 \1 ]aa > ■■' 

• 3.4.5 Sjaall 4ij^)ia jjaj 29-5 J^dll 



Alildlt dlSlSjtl d|j jlaUjlt 4 ihSU<ij CilljJall a A Aida Aajj^JI ^JLixaJI ^Ujj! :28 — 5 JiuJI 
Lf jjjjj Morgan Jones ^jc - J N x • .01 4 jAla) Jaida 

([22-5] Whitney 
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4mSU<ij CjlLJaH i^^jLLA jLLua] 4 jj ja-4 Ajxuij ^bujl :29 ~ 5 J£*i21 

4liL> uilSlSj Lj)j jJaUifl 

:4.5 JjLulaSI As jAyA 

(5.65) aIsUJI gSU 1.4.5 
La£ . SIjLg 4_^_iix-£aj Aj\\ t.si\A Cljlala^j dll 3 S^jJald-G A j'q ^ A ^)JJC.I 2*4*5 

Cliial JC-— jjJ *»" il'q^ dc>lj til£ i^W'di .23“ 5 Jiuill ^ 

jl N x . (JjAllaj j ^IVujjVI <*J^)I C_sl^^ djl jj t Ig.'l-a cJ^ A^Lgjoi 
:aA\^\ (Inequalities) CjU^IjUI c 3^ *lddVI *f-l CIl^LgIa-g 
‘(U nidirctionae CjUJ UD l ^) Dii UD >D 2 2 ud 

‘(Cross-play ClL-aia Cilala j CP ls-**-*) Diiud- > Diicp 

*LbuVI o^L-u^. CIl^LgIa-g qc. jjc. •D22CP^ > D22UDJ 

(_$\ tQ 4-ijl^J ^ Aj jL^.1 A_ii2all 4_^_iix-all Sc-Lud^. C1 i!}LgIa-g A_ii2all 

"5 

^■Ia^VI l-jLoi^J oIa o^Lud^Jl w"u J .Eit /12 (l - Ui2 , U2i) u] 

Dl2 jj D22 c_al ^'uJ (J^.1 (j-G (66-5) ^ 

ijS (Jj-^JI a! laa! t — kx-a *m— lj a/b=2 cM ^ (D66J 


488 



m _ ! 111* m. dljpj (2 )j a/b aj'JIj (1) l*dc* (66-5) AJix-dl 

?a/b Lo^jc- 

ciN^-xaII (j-G (Set) aIa^. (. 5 ^ Ail : 4 _i^.jj .(5.81) aJ^LxaII ^ciiiiujl 3*4*5 
(Determinant) c&u* ^ jjc. ^ ^Uidl 

. IjjLud-Q Cjj& u' ci 2 )IaIxa]I 

.2.4.5 aJLuJ! ^ A^jall .(5.92) gttU 4*4*5 


jUlujVt A-Lj-uu CjULJall SjJxla JIjjAI 5*5 

jI.VujjV 1 AlajjuiJ (J£joi] 1 A ClAq4di SJQxLq AaI*J 1 Alill jm.'il 

1 > jSill <>1 a ^ fjj .30-5 cJ^J' LoS x=0, x=a, y=0, y=b J j^JI ^Jc. 
(Jj£jao]l 11 a (JjaI (Not Forced- Al^udl ^c.) cIiI^I^jaVI a » Ajo^LLq 

^glll Aj. 1^J1 Jaj^)2i]l j A-daljll A_iliJali!i]l CllV jIxaII llSj c*ill j t^j^ljJ A_1L^. 

aJU. j y^-j Jjjll j 1 .\yte''i a!*^ J 3 j^>d .jbftc-l (j^Aj 2.5 ^k Clula^j 

fly’ll! ^aJJ L—Ajja tL_llj^ll l^gJ 0 J.W a '1 C_aIaaV1 £-a (J^l jd ccd]j £A (jjljJ 

Clil^jl^jAV All ^ajoi A_^J1_xa [l - 5] ^a-iiL AjujI^j^] ^jjJal^dl oIa ^jC- 

.djl.q^H oAIxIa A 



jUIwjVI A Jajx *ij CjlLJail S J-Ijua AijlaluiA A^iL-a jIjjAI : 3 0 ~ 5 J^uJI 

^ja AIsI^a]! Ja-<ull Jlidl £a ^)^J1 ^jljpAVI ^aJJ c_Sjjuj 

4A_IjLa] 1 o^lal'n^l' dAslfl^ll juaII dill ^jLaj-ali 

^jj .aJjUII a_uj£Ix-o ^1 t a_ 21 A_uj£L*-a dilalij^)]! 

(j^iatjll Ig k 'six n ^ja A JaLdV^ olA 0 jIaj Aj^)11a 

^k (JjLoi-q JU£j . jl JjaVI AJUailujl ~c.l Wil \j ^\ j (Jla ~g.lw \\ 
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4_ali^_A JIa* 1J ^aJJ C_fl ^*jj t4.5 6 ^£$11 ^9 (JjLuiaj 3.5 O^ill 

. AjJa oAjA*J1 (JjLolaII ^9 j\.YuuVl A, J-ajxAij 


A .^alaJl i^alU! Ajj^Lj djlLJal! sJJxIa 1.5*5 


SjLg ^ya o A.q J-i ^Jc* Ajj^Ij ^ jqJ-ili A*\jqx^ll ^ j'Wi 

^JaLilA cJl^ oJjJaLo Al-aLk ^-^.LiaII Ajj^\j SJQxIIa ll 3 jj-a ^Ac- A_i*«aLk ^-^.LiaII Ajj^Ij 


4 iQ j^aj j 


ac-Lui^. Cj^LaIxa ^_alljj t^jjlAL^Jl til£ ^9 .iajuj j^\ A 4 ^Jajuj (J « 


i_jL)C. i41i gj*y D66 J An, A 12 , A 22 , A66, Du, D 12 , D 22 t> Jasa Ajkkll 

— f, \ W 'll Cj\JU\ (.41^ j 4 (Jj 9 — g.1 Wll ji A^UaJjail — <_j-a9 

JaAdll JI£j^ 1 j ^jl^jjAVl (j^A4 — A-^iix-all (JjLuia (j- 0 — ^4 . 4-lUaJjoil 

!d«lryj]l A_iLjali!i]l ^jI^AA^I AijlxA ^4C< 

A ,<K~ + 2(A 2 + 20* K,, + A2<*Vp + /*K =0 (5-94) 

! j\,YuuV 1 A_lajjuiJ A_9l_^Al Aj. 1^J1 Ja AjuJaL^JI 


x = 0,(2 : <5w = 0 5M x - ~D u Sw, xx - D n Sw, yy = 0 (5.95) 

y = 0,b:Sw = 0 8M y = -D n <5w, xx - D 22 Sw, yy = 0 
jtikl (illUj ^ (Harinonic) jaILaa q ja iax^ jljjAVI (jj^4 

ill&l jj ^jlLj 

c5w(x, j, /) = (^4 cos cot + B sin <x>t\ 5k{x, v) (5 .96) 

* # -■* ' * * ' 

^<‘\\ .[1 — 5] aIijIa^ aIuI^a Clil^liu 1 g \x^a9 ^aJ ^9 aJLolaII <ji Ja'sV j 

y 

: ^jUJI jAilill £_a Aj^JI j a_a^.Li 11 4_AjJali!ili a_IjL*_a11 


Sw{x, y) = si 


W7jx . nn v 
sin sin 


(5.97) 


a b 

CO -- jl ^jl ^ 2 j -'■ 


2 It 

CO = — 


p 


Du 


m 

a 


-4 

■ +2(79,2 +2A> 6 ) 


r 

2 


2 


4 

m 


n 

+ D 2 2 

n 


a _ 


_6_ 

_6_ 



(5.98) 


1 4 alia. ^ Laji (jal Jj ^1) laaj (JK.'jl CO 4<~- 4jxjiiall (jal jp ply 

^ic. Li.jAjaj ^jj .(w — S JI£j 1V ^Jlllljj t(5.97) AJjUlaII ^ nj m 
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JjjjjLaa n j 111 UJ^ (l£^)* *«^V' JJjp3l) ^xAj^\ JJjplI 

jl] 

A -^\ e Usi (J^.1 <j-a JjjaVI Cjl^Jjall (J5Vi £Jjal ^iill 3-5 (Jj^laJI t^yajx . j 

(_gq Vi Cjlg.lxjj'N c > Uxi’i dilj ^^-uj^^ju) - (j -a A^jU/ixi ;Aj-alV ^-^.Lia]! Ajj^\j Axj^a 

J^.1 <ja JaVl £JjVl CiljJjplI £-* ^Jljjllj ‘(Di2“^2D66)— 1 j D n /D22=10 

! J laA k (J-aladl C_fl^)XJ .^lioll <djLalA <^aix-a 

^ 2 flT" 


<y = 


22 


b- 


p 


(5.99) 


aIlSLj ^JLLua jj ^4 S jjjlaI) AjjIjUaVI CjIjj jlli : 3 — 5 Jj.iaJt 


jUIujVI AJaj^ij ^aUaII AJuLaIa JfLuJl 4juj-a ^JLLua ^aj cAlaLk 


^lldl (JjLaa-a 

o-li ^.U-M ^ 

JaAll 

k 

n 

m 

k 

n 

m 

2 

1 

1 

3.60555 

1 

1 

Jj 

5 

2 

1 

5.84095 

2 

1 


5 

1 

2 

10.44031 

3 

1 

tllllj 

8 

2 

2 

13 

1 

2 

<h'j 


Ja-<u]l JI£a 1I 31-5 (J^xxill ^jaaa .^liall AJjLaLq a (j* D22 — D <■** 

Clllj JajlaVll <_£l) (nodal lines) Aa.via.il Ja^laVll ^LaU V n*\ c^J^I^a!! 

* # 

c^Allal ^.3 Li& Aa^_a11 AJaa^Lall (_ja£j . A atJVq ia JajJ^Vj £-a ^j^x-all 

^jC. <ailk-a JliVl £JjVl djljjjpll <_j-a Ac.^ 1 ^- 0 Aj-al_k ^llall aJx^u A *\jqx^H 

AjAjj IjaLVjI ^LiiJaaj lillaA (jl <^il^ ^ ‘ixj .^laJI aLLaIa 4 •yjqx^ill ^9 aIAJLaII Ac. ja^ a!1 

<j-a JJjpJ m=l 5 n=3 Ja-aaSI tidlLal Ajjjj 1_a£ cAj-alV ^_^.L1 a11 aJx^u A •yigwill 

, * 

A- aa9 ^_^.Lia]I ALLala A^jV^ll i^11"ia i ^^^Ac .m~2,n~l -la-aall ^jaljj 


cIjIa^Ixa L5 1c. (j^AJ .m— l,n— 2j m— 2,n— 1 (jJa-oall ys J=J <ja l^l^aj 

^j-a ^joiLxjjVi (^Jtaaiall JJjplI cs^ ^^ JUJ J tAaltill A]!laVl ^ja-n (j-a aLLaa 


.Aj^fllioll AiUxn 1 cJ^i 
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Wi 




M*.! U.sl 




Itll AijLaiaj ^Ua!) 4jj51j ‘ i JujA ^ejIL^I jljjA'iH ia^j Jliii :31 ~ 5 

jUIluV) 4 aj > io 



aJjLaSI Cjlili jl! Cilj S jiaUUl cjlLJal! sjj*la ^jliuaJI 2-5*5 

AAjLaII cijlala^)]! dilj o^Jalv^ll a <j! 2.3.4 lj^.j 

OS-Lai^. C12 >LqIx-o ^-11.3-i'uj.iVI CIl^LgIx-g <LgI£ Ai^ix-sa-o 

0 . 2 A (jJJ . aJI J a!l x J~» UaJl c-^Wi^oTi V 1 g 

O^-Lxu^. CIj^LoLx-g (JL^.jj ^^9 A_x*al_k ^liJ Ajj^Ij 4 jqQ-iH ^jLlx^allj A \k iJ-ili 

Ai 6 <JUajjujl— ^j-saa ^jl jSVI ci2>LqIa-q uj^ V) Di 6 ? D 26 J^ - (jl 

(jV tS^IaLlix* ClA^O-all oJ^xilo A_^_ iix-a ^9 ^jLja^x]! ^jl^jjAVl A-iudillj A a P±26J 

l_a9j .^^axJJ Ig x>i» j Ajj^jLq <1£1uia A_xJal_i]l A CllV ^lx-<i]l 

> 

; A.j\x^iliaH ^j! J£ aV1 aJjIx-o 

f,.<K*= + «>,6<**W + 2(Ai + 20«K,„ (5-100) 


+ 4D 26 Av, w + D 22 Sw, vm> + p<5vv,„ = 0 

iciAii jV^ ^-.^y ^Vl ^3ajjoij AiL^Il a^I^aII Aj^JI Ja ^ jjJa^JI ^a 


x = 0,<3 : cSW = 0 SM x =-D u Sw, xx -D v _Sw, yy -2D l6 Sw, xy =0 (5.101) 
v = 0, b : c3W = 0 SM y = -D n 8w, xx - D 22 Sw, yy - 2 D 26 Sw, xy = 0 
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AjA^JI Ja A-oJaLill A_iLjali!i]l aIaLx-oII D 26J Dl6 A cJ x >J 
*u=j ja— yj\ 1 AA ^ \x.) . (J^ aI^jI AjjlfLoj 

jjilill ^jl <UjLq2a jjC. jl^ aIjIaII Cj1513j1I CjIa S_jJal Via II 4_^_iix-£a]l ^IxjjIj 

y 1 aJIaj Iaa^^I x 1 aJIa $.1a^. (Jj-aL^. <L-aa (j£-aj V 8w ^Li^jjVl i^ 

f * * It * * > 

: Ji2l I S_jIjC. . Ia^. SAjIa o^j-q Aj^ULa A*j u^Ua £_a .Ua^. j] 


^=XXv 

m = 1 / 7=1 


. mnx . 
sin sin 




n^y 

~r 


(5.102) 


AjAaJl Ja j^JJl V 1 g i^l j 4 ( 4 — al^^Jl £_ia^. ^^Ic. W = 0) Ajxu.Vig.il AjA^JI Jaj^jjJJl 

<_j£aj (u£Ua cJ^.1 <_ja . A^Jaljll A-JjJaliiill aIaIxaII jl (c_al^^Jl ^ja^ Nl n ~0) AjxAilall 

Ic . jj c-^JaJ l_j^)1_9j AjC- ^'11 ^jl AjjujLiaII AaUall (5.102) aJaLx-aII (JLajcIxjjV 

AjaSI aA^J Aa3l^A t-_a]jjA]l Ajj>xu]Ij AJJj^jla AjAAc. 0jluj A^.jj V .^i^-j-all (J^ll l-o 

.AjiLiall ^cjl^x^all ^ja 


AALuaiAi cjiiii jii Lj)j jiaimi <u^bu> uIljai sjuxIa 3.5.5 

djlala^jll cIiIa ^jJalllll Ajoi^Ix-q a j’yi 3-all ^jLax-all <jl 3.3.4 S^jaall ^9 liAaw j 
Cl2/Lal*-a J ‘A66 J All , Al2 , A22 = All -UUsoJ og.Uxi> CjSIaIxa i41‘iai A-Jl x^i ia' 1 
Du g-l.Wil og-lxu-s Cj^LoIxa j B22~”Bl 1 J B 1 1 AlUa*uul~g.l.W‘il (jl^)Sl og.lxxi'N 

S * * 

A^jqx^ilL AjjlLa tliA Saja^JI (Terms) aja^JI JiLojj .D66 j D 22 = Dh , D 12 

ClL/llill A jlx^aliall ^jl^jjAVl CIiVaIjla .B 22 J Bjl J ;Aj-aLk ^^^-^.LiaII Ajj^Ij A j'yi 3-all 

!^ax21 1 g.x^axii Ajj^)Aa aJI J ai x ul ~ g. 1, Wil ^j1^)BV1 A^^.j 1 uuj 


A M,, + A* &>yy + (Al + A 66 ) ( Ky ~ B l =0 (5 . 1 03) 

(Al + A 66 + A 66 Bv ’xx + A A Vl yy + A 1 ^'yyy = 0 (5 . 1 04) 

Ai(w„ + Sw^Y 2 (D a + 2D 66 )Sw, xxyy (5.105) 

- A 1 (&te + ^\,,y ) + P^V, = 0 
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: 1 ^2 <Jtill CliljjiLill <jl Ja^-V 


du{x,yi) = u cos sin^^e 


^ ruy Jmt 
a b 


'Sin cos — —e 

a b 


c / \ — ■ mm nm W)t 

dv[x,y.t) = v r~ — " - 

a 

mm . n 
n sin- 
ce b 


(5.106) 


c / \ . mm . nny i0)t 

owyx, y.t)=w sin sin — — e 


i dils jV! ^3 j1.Vuj.iV1 4.3-ij j.j.^1 J^I^aII S2 (_^j^- 11 Ja^jjoill 


Av = 0 5M X = B n Su, x -D n Sw, xx -D u Sw, yy = 0 

x = 0, a : 

= 0 SN x = A n Su, x + A n Sv, y - B u 8w, xx = 0 (5.107) 


= 0 8M y = -B xx Sv, y - D ]2 8 w. xx - D u 8w, yy = 0 

y = 0,b: 

Su = 0 5N y = A n du, x + A x x Sv, y - B x x dw, yy =0 (5.108) 


CO Ijj 4 *'\l 4 >.1 Q*.\l 4_S^1 _*-a]I 1^1] 


P 

*B n =0 lij ^ .[13-5 j 12-5] (5.82) 3LLUJI ^ Ty 

42£d jjljJI JaJ J) (5.109) Jjjp JUljj cT 23 j T 13 Lj 

T 22 jTi 2 j Th J ^ Dn=D 22 . oj^ ^-Laj 4(5.98) t4 t ^i l s . u' l 

Ujlaj V 4(5.109) (Denominator) ^1121 IgJ j n j m £jl jj 

4 dll j A ^ 4 --.vi ij^.1 nj m ^i<u3 ^jc. u \ . .. 2 ^iimD 3 j ‘ ^^11 

^jc. (.** tn ill j 4 Hj m (jj» Wq jVl^ll <11 (5.109) <1 jLxa11 <AaIxa nj 
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T + 


r T 1 r T 1 r T 1 r T 1 r T 1 2 r T 1 rji2 

II n 1 2i 1 n~ I 22 I 13 "TT 23 

7 t /tt rri2 

1A22- 1 12 


(5.109) 


^^3 AjJsj^aa]! ^ja ( JJjplI (Jjsl (.A qj'q's.H ^3 .Aj^)Xx^iV 1 1 gAj3 

i^ja ^.i^Jl ^ v^.j ^a . .i^l^il ^injVkJiA n j m I ^jj 1 aj 3 — (_^^a*J 1 (JUIaII 

.^-ujLujVi -Lxaj (J£ja ^jc. ^jajm [g\ ^l.VnJ 


Cljlajlall jjjIj ^Li»jj c 3 . 3 . 5 o^aill t— yi-uiA (JL^£j 

dlli J AjjLoUa aA\ x^a'I CASls^)]! CjI j 4_iiLia]! A >ii\ ^C. Cljl jl jjAV^ 

. 1 2 — 5 (_5-s t jj^U ji£l djlilij Jj AiLliill a£LuoJ1 


<j£^a jI^a cj- 0 (5.109) aJ-AxaII AiA ^a 0jtij 32-5 J^ll 

jjjb J .1)12=0.25 j Ei/E2=40, Gi 2 /E 2 =0.5, dJi L5 ^^jjj— ciual jc. ^ 


iJUJI (Jjfuj . JjpAVl ClA^jjljj ^j3 ^3 <_ja£j ^UVuJ-gl.W'il (jl^Syi 

(J^sI^aII (J^Jl ^ja -lie. %40 t * L3L A^} A A_^_iaj-sa] ^gjujLujV^ ^)^»Vn 

^A_a±la]l AajIjj A_^aix-a] ^rj*\ x^ll ^gJj Aj-al_k ^-^.IIa]! AjLlAj 

!%60 ^)1.V^a \ 1.1^. (Jlc- <j-£al_k ^IIaII a2£Aj A -\jq >.s-i\\ L—lJ^j ^jl ^A AjaAI 

A ^ AWa\ cJUIaII i^ c ' .djUfkll .liljlij aJOxIiaI & Li^jl 

Aj!£Aj A ^ Auaj 3 ^ja %5 J -LaS J 3 I UiiaLaI jj A^ja1.La 

* 

(jjxj aJUaIuj! — »1 Wil Jjsyi .1^.1 ^jJal ^11 ^ja ccAE £_a .A_i»<al_k ^-^.LiaII 


0jtij A J^^'vLaj c lnu,yi l^A ^c..1j .Cjla±lall oJ^xIa A CjIJjjaI 

• 33“ 5 ^ A.& JaII jIjaII ^ jl JjAVI 


^j] A^ ClaVl jl^.1 (JA JSI jl J^aVI CaI^Jjp ^j3 ^ CIjVI j^-Vl 

jxuXl'l (5.109) aJ^IjcaII A q iq^k i^ja ^IVrutiVI I3 a ^gJj (J 

tl^Aj ^gJI A^-jk^A ^\ 9 \ '1 V 1 ja^ (5.81) aJ^IxaII ^AjJajj l aJJJ t^gXAllali 

(5.109)j (5.81) (jiilJilxAi] (JaiiiajII aJIaIaSI Cj\i!Ailk!Al ^xijjpll oj ^ a . 

.l^joiaj djli^A!li.V^ ^yu^a\ 
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Cilillj <Jj)3 cjlLJall Sjj*!* Alilalwui l; I Lual AjxjjiaJl <LiuLuiVI jljj&V) Jjj :32 ~ 5 JS-ui,ll 

([19-5] Jones jjja. <jfr) jlaUifl <Lu<£bu>j AJluala 



CjlLJaJI sJJxla Ajuj^ ^Lillual Aj m ulll AjxjjJall <LiuiLuiVI jljjiV) cjI-JJjj :33 — 5 JiuJ! 

([19-5] Jones (jC'J AmSUdj AjJL^la ililillj 2 j|j 
AijLalt Cjlili Ij3| dil j jjalUlt <Ludlsu» CjlLJal! sJJxla 4-5-5 

l2jI3 4_uj£Ijca 4 AlLl' <j! 3.3.4 ^9 

ScLo^ ulo'ju lillid (Anlisymmetric Angle-Ply Laminated Plates) ALL<d\ 

sBi 6 , B26 aI Bt’uJ — dLajl jjl jSJ s^Liota. cIlLaIx^j ^Ag 6 j An, A12, A22 aJILIluI 
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A D66. J Du ? Dj2? D22 S^-Lai^. C_L/Lg 1 _x-g^ 

> * a 

Clllj ^}ial_ii]l <joi£Ix-q A jq O-ill A AjAjj \IaC- l.qV^^ AJlJau J~g.\, Wil (j -0 UaAJ 

AlLjaliil! jljjAVl c!jV^I*-q <jj£j 3.5.5 Sjaili ^k Cluia^j ‘LJL-aiLall dilSlS^ll 

• \W 1 ^ 1 >»» \ \ 4jj \iLa]l 

A A’„ + A 66 dU'yy + (A2 + A 6( ) () K - 3 AAK X y - B 2<M V yy =0 (5.110) 
(Ai + A 66 )<Kv + AAK + A 2 Sv. vv - B U] Sw, xxx - 3B 2h 5w, xyy =0 (5.111) 

D u$W, xxxx + 2 (A 2 + 2 Djsw,^ + D^Sw,^ 

- B 16 ( 3 ^'« y + 8* m ) + B 26 [&> m + 3Sv 'xyy ) + P^'tt =0 (5.112) 

Sit{x, y.t ) = u i 


- . mm nm imt 
rsin cos — —e 


a b 
mm 
a 


/ \ - mm . 

dv[x,y.t) = vcos sin 

Sw(x, y.t)= wsin 


nny i(St 


b 

- . mm . nny icot 


(5.113) 


sin- 


a b 

IjllLjjVl A-laixjdJ AiL^J S3 ^qVi ^A\ 


x = 0, a : 


*> = 0 §M X = B l6 (fr, x + Su, y )-D n 8w, xx - D u Sw, )y = 0 
Su = 0 SN xy = Aj^ x + - B 26 8v, yy = 0 


(5.114) 


y = 0,b : 


Sw = 0 8M y = B 2( (Sv, x + Su, y ) - D n Sw, xx - D 21 8w, yy = 0 

Sv = 0 SN xv = A 66 (c K + &4, v )~ B Xb dw, xx - B 16 Sw, w = 0 


(5.115) 

IA^LxJLj ^^Jast-o CO A-aJalill A jlx^ilioll j ^3 

A T> rri rji rji rji 2 r T 1 r T 1 2 

n u 1 23 1 n~ I 22 I 13 -l u l 23 


2 It 
CO = — 


p 


T 33 +■ 


J r rji r i t 2 

n 1 22~ 1 12 


(5.116) 
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B 26 j B 16 li] ^ M .[5.13 j 5.12] (5.93) m*J> J '*£ yL Ty du^ 
(J^l^ (5.1 16) aIaIxaII ^lllilljj ^23 J Tl3 1 x^* 1 ll ^aAxjl < ^jAx^all (J^^Laa 

aJaIx-aII A_*_nla AjL-L .(5.65) A-IaIx-aII cAj-al_k ^-^.LIa!! A_i£Aj A J^I^aII 

a^Ua a^ L^ ll) (5.109)j (5.92) <(5.81) > <dfc (5.116) 

# •* " # 

^ IaIja^jI CjUa^A_All L>>jl liA ^L-£sj Jllllljj <(aJL^31a!I djlala^ll CjIa ^lallill 

3.4.5 s >11 


^3 ClAq^ll AAc. aL^jJ <4.3.5 o^)^ll ^-3 aILaa (JL^£ j 

CIAAj fjjJ\ ^jIxaIa aIjIaII Cljl3l3^)ll dll A A jq i)-ill A^jix^all ^Uiiq'i ^C- dll^jl^jjAVl 

gto 34-5 JLSII ,>4 15-5 Jiill > < J&U >! djISISj Jj a^ 1511 a£U,J! 

~ dufll^C- ^j-Q Aj£^)A Al ^A (JA A-C. J)U*OA ^jLL-£ 3 ^-iix-fldll Ajjl^l ^Jl-^ AjAAC. 

> Bn Jl^ll (jlS Ia^j Di2=0.25. j Ei/E 2=40 ? Gi2/E2=0.5 dJi 

^ <ja£j Bi6 ? B26 AJUvu*il — c-Li^j! (jl^SVI ag.U*j> ^^IaIxa jjjIj (jl a^j <3.5.5 S^ill 

^jujLujVI ^jJjdll (j^nVn <JISaB cl^f 1 ^ (^5-!^ .djl^}ljpA^U AjjaLaVI dilAA^jdll ^j3 

> aHajs ^jc. %40 45 = 0 Ajjlj oli A-diall AjjIjj A_xj^)a A^iix-a] nlall 

AAC- ^r, u^ij LoAdC- L^JLxas (_£All Aj-al_k ^^_^.1_1 a11 Ajj^Aj A^-iix-al ^J^I^aII J1 

> i f s 

Aj-aLk ^UaII Ajj^Aj A_^_iix-all ^31 ^a 11 (j^fLa <(_£^)^.i A aKj .LjaIHa V dAa±Ia]l 

AllkuJ ~g.l Wil Iaj^Jja (J^sLiia <(_£^)^1 !%80 J)\SLai Ia^. Lille- 

J^JIj Al-aLk ^liall Ajj!>Ij A_^_iix-all (JjbIjaII (J^Jl (jjj Jj^ill £-Lj .dllajJall AAc. AjI jaj 
~»l Wll (jl^Vl (jl ^jJal ^11 ^ja ,djla±lall AjjujI Aja A_^_iaj-a (J^l ^ja %4 i.si\\ 

_jjat,*n V .^)iallill A_uj£Ixa djla±)all oAAxIIa ^jllx-all ^ja Ia^. 1 Ag a A3 aJU-»'uai1 

.35 — 5 cJ^*a11 > Ia£ aj£^)a aI ja IaAjc. ^•I'Vru^l Iaa 


:5.5 JjLujaII ^ J A > A 


(5.98) aIaUJI 1.5.5 

2.4.5 aJLaaII > a^>! >31 .(5.109) aEUJ! 2.5.5 
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2.4.5 ^Lo 2I ^ jliil .(5.116) JL5I 


3.5.5 



CjI 3 CjILlLJI SjJxla Ajuj^j AjiLulail A-iujLujVI ljIjIjjAVI ljUJjj : 34 — 5 j£<uJI 

Whitney Morgan Jones jij* jlaUifl 3-uiSU^j 3ijU cjISIS j 

([22-5] 



CjlLJall aJJxla 4-m alii Aj*jJaJl <LiuiLuiVI jljj&V) ujlJJjj :35 — 5 J£*i2l 

jMjjJI 4 1 1 All a j 4ljLa Cjlillj Citj 
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SfL.u-^1 d£Lsbua dil Jjjb diUa^la 6*5 

.djlil^^iV! (j-Q diliiJa ©dl*da A ^9 <JUaJjaii ~»l Wil (jl^V! dji 

<^_iix-a]! ^9 g.1 Wi^l o»L*i> C1 l)LgI*-a] 4_il*a]l ^dl! tdilll 

6 jii£ (J^di 4jj! jiAV! dlldijjl! j ^-IxdV! CjV^a^. (jl^VI I^A (j«^»Vn t4_udij di9^1! 
.4 jWqII »l WiVI og.L*i> djjLoLx-<i] (JsVl ^lil! dll j ^lid-all 3^.1 j)-G £9 j!1g jA La£ 

^i£ (J^Ljjj j ^IstdjVI ja^. (j-a9l_iJJj ^dllil^d^l ^I^JJ cJjLi-q (J£jJuJj 

Lil£ ^^9 .(Jj 3 ~g.l,W 'll (jl^J^yi dll^ dll 31 Jill a Jidda ^iLflx^ll 3^' (j-«a 4jj! jlAV! dlldijpl! 

^ jij131 — Lxj^jj A^l-kjj ( Jia - $■ lid! JjSyi j *UlJTuJ ~g.lWil jl j9VI 
4-iiLla <^-iix-£a (J^.1 <j-a cAjjljiAV! dildjol! C£-lxdV! diVj-^^ C5^J tdilil^dV! 
jrl^J .dllaiLi]! jLpjl £-g 4 ^gJI Jjll ^glc. d pallia jl d^JalliaV AjjIj a£L<ujj did 
V 4_j! A-laLoUJ dl]j ^ ix J .AIlq^aC. jp£V! 4_iiLla]! ^lld-al! 3^' j)-Q ^j-ald. (_}-a3 i ^Jj ^)-qV! 
(j-a l^llj LlldajJ ^1 dll^tniuiV I (jl £3jd l‘i\* ~>J L_Uui V jl jjLajJa 

<L^)ia (_^1 jj 4 ^ilx-ai ^)jalli]l <judlx-a dlldJal! a Jdda 4 jqiJill ^lld-sa]! j^a dAxJ! 3^ 

'A^Lc. S^iaLlL«ajUI dlla3al! ©Jdda ^ild^al! 3^ j)-o dlil£ 

5= 5= f J 

^lld-al! ^^gA j 6 4 j‘4j>3-i\l ^ilq^ll (j-Q Lo Ic. jj ^da^-aC- jjl£! *ll3 ^d^lla did 

<iLjaVli 6 [ 1 9 5] ji^^. 3r^ (j -0 ^jiC- Addl'd II dlUjlij^}]! did A jqiJill 

* 

diLojldi^ £- 1 ^ ^ qjqd .[23-5] (Morgan) u^j^j (Jones) 

_j\.a^i* flVI (jdai tdilj . < ^l- lta 2l dll^)ia]l ^^9 La l u^i^jC. ^lill judigJI S^LaII ^^9 ^)ialii]l 
(JjudLdj 4jUncl >>" ilq^ dll£L<uuj dll j) aA\ xAdll dllflli^ll dllj AjAiIaSI ^lUx^ill ^c. 

L-iJjollJ 4cd]j .Jalull ^.J^k kS~l (> J^ ^glc- (Jjj-sa^JI £ja (90 J 0 Au^i'u 

0iLij t^£- (Jjj-a^JI (JjVuu^all j)-«a tAdiiLall ^iLaj-all qa dill ^^^LiixijUl did]! 

^glc. — (J!i<ia 1! (j^Jj — Ji rru^ll JllJ] Aidjxll dil^jial! jjjo! tcdlj ^ja .^LjLc. 
j)-«a A nlMI A q i Jill ^9 L <l\,jlVI LiA .36“ 5 (J^-dl! ^_g3 S^jaLlLojU! ^jqiJall <^iix-a]l 

(_£^)dV! *»" il ^iJ^ll ^9 l <>l,jlVI j)_j^i Idui t 90 c3^j ^ g Vi^ (JijujV! 

dll j A j^iJi <^ida (J^l j)-c tl^A j X £a 0 (dj-alil 

^Lpjll A jqiJill <^_iix-£al! JLjjI oLdli dl^)dijj ^3jl 90 SI A q^Ja jdu — AjjIj a£Li*jj 

JajxAi i 3^-q caILujaI^J! djLxjjU-^l ^9 3^2! I^a Id! ^gijLi V! (j^-<^ . d il J>ll 
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A 4_LqLoi 3 JC. A \j\ Vi 3 ^-oj o^)iaLilAV A 3 ^jlix-a ^^Ac. 3 joiL±a 3 

5! * 

Aij^)laj 1.1^. )a u*n l gj'c ^Illl ^cjtiill U-IiSj L_ fl^jai .AjjIi^IjIjj 

Ixjjjuj S 333 .‘ul.V'n V <SUaJjujl — c-li^jl Ajli\J^i^\ Cjl^)jjl!l]l 3 I ^£. 

Clililijll ClilA <juj£Ix-q CjlajUl oJ^*ILg ^cjllij ^^^Ac.) Cjla±La]l 

1 q \t.*iA 33jjj .(aAjLxAI djlalfl^ll dilA 4 juj£1*-q clA $\h\\ &ja*I1q ^jl_9j-a]ij A-aIU^A^H 

. A^AL-all 5.5 Jj 3.5 (j-^ ^.i 



• •••} 


CilLia 




jjja (J^) SjlaUlaV A A\ ^ a Ljlilij ljIj CjUJail S-i-ixla AyjWi Jll a : 36 — 5 


([19-5] Jones 


(J^.1 (j-d 


(3^3-all ^ 9 ) a j^3-*ic.yi o^ix-aII ciAal^^jV! 37-5 J^Al (j^ 


AIijljJa^)C- Alj.a^A Ajl jJaLkj cAdllx-ali^ ClAA o^Jaljo-QV AlilaJjuiA CljLa±la]l oJ^tlLa 


a1^1x-<A1 (.A (J 3 ^* ^ <Q > 3^0 0-A-^ ^Ac. ^ 


.A u 


iA ,aAVn.a 4_ijljJa^)C. aI^a^. tJ^.1 (j-d 
rcjlliill Ig.a a j^iu A-<u 3 fi^Aj 6 3 A 


Ajn^ll <UjoAxa1aJ 3jAu11 Aj^3-g t(5.49) 

y 

a_:c.IJI A^ull 4 _aj9 ^ .(5.26) aI^Ix-aII 


A^aix-al (baseline) Alic-lall 0 jliij <jc- gIjA£}\A IaaIa J£j^AIj <aiik-o 

jl c(a= 3 b uj^) x oL^jV^ (jc. 0 ajj!^ l@A£ Jj-aj diliJa dili a y^Ja 

Ijj^l (jj^ JlAlljj ’(By— 0) yUalujl ~^ll^jl (J^3®V^ ^ o^jIaLiLaV A j'q^Ja 


A -^)ki.s-i\\ 33 ^ .Aj-aLk ^UaII Ajj^Ij Aj^jJa A^-iix-a 3 I ^_^.1_1a11 Ajj^Aj A_ALia 4 Loj 

0 AJ 3 I 3 J lg.\^> aIjUII 3 )\ C!j 1 j A A oc-Lat^. 3 ^! o^JallLQ^Jl A j<i O-ill 

(a^JaLiLo^Jl A A^-iix-a]l aIL^. (Jfll 33 ^ 3 ^ 3 -^ g. 1 , Wi^l 3 I ^,'^. 13 ) 

.^lloll Aj£& A^iJI A 3 -^ AJ 3 JI 3^13 
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y oLijVl ^3 W 'll og.\ o^JaLiLft^UI A ^kjqx^ili ^jl 

o^Lxu^. <j^£j l^nj tO AjjI^J l g.K AJjLaII djl^ila]! Clil^ 4 A Aj^jLLa 

11 jjl-^JJ (ji ^ x,}\) il^A j ^ *UjLaLq X ^ 

lg,K AJjIaH Sj^tlLo a ^a 4ll<ua S^JaLii-o^JI ciila^lall SjaxILo a ,^.\ ki.^x\\ ^a 

^JUailujI ~ »l Wll (jlj 4 Q Ajl^p ^^Ac. L>^ £-o 0 3* J 

o^JallLo^Ul AjiJall V>J Jllilljj 

.^llall AJx^u CjlaJall oJA*Hg A ^\kj.^-i\\ ^ 4'‘i>aj'q jjL^jj J 


J - 


U-fl**fc — \ pi*,Y)*P* 



k* %** 




M 


_1_ 


4- 


40 60 

diliilall 


SO 


too 


CjLSjJall sJJxla ^j^uSjjjj— tluilji gJLL*al »h*t« ^jjUjjc, diaj uiljaJI : 3 7 — 5 JS4JI 

([23-5] Morgan Jones jjja. £&) S jkUiaVj AJL-ala CilSlS ij ii|j 


JjW Cilia jj ls j 1I L_al^ajVI jijti (jl ^ (JliLall IjlA ^ <Jjjluj 31 4 Ua'i'l t j^£j 

_’’ ■ I2& ^-3 <LLuill 1 jg ■ 111 jA ^ LaIij idllajJall ^_ya <1L^. ^3 1.1^. 4 .ag a 

_!4_JI_^J1 0 2& ^3 i 4 \1 W'i ujj— 'il ^jl^a^ J ^ 4 joi5Lx-<i 4 Alla]' j^jlaj_a]l ^jc. 

% 165 Jj tllllilla 6 -lie. % 165 4 ^i.Llall (J^JI j^-li-i-a]l (JiJI lij jjLAis 

100 iic. L ^^-j ,4iila 50 -lie. %30 jj i4iila 20 -iic- %90 jj iCiAiiL 10 .lie. 
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CjLjjjLaa CjIjIjjC .1 &Afc £Aj .%11 4<Lila 

A-IaA^H £}* J)f^} Cllliila (_)^.l ^ja &AA A^.jj xxi.Vig.il ^lAx-alill 

(Ja| jlijoVi lAA <^C- jU jJl ^aJ . a!\ 3a 1 x A — g. \-L2kji (JJJAJ U 1 ^ 

(extrapolating ^jUJI JL^i^Vl) *UuJ a^ls ^ (^aJI c>Jj 4 C pa* 2 l 

AAjIaII ciilsls^]! djlj 4 ^ )qx«all j 4 juj£1_xa <21 x^IaH AjIs 13^)]I dilj 4 ^ )qx«all ^jlHi 

<jl ^-iJal^ll qa 4.5 2.5 (j-Q ^^3 <jJaj^)*-2l 0 jlHill (JIa 4 ^jial_li 3 l 4 _xjj£Ijca 

frl.nuAj 4(JjAa3l aAC-ls . 1^.1 i4V‘iaj V 4(Al]3} £a .^JL-a ^)JC. elqj UxiVl lAA (Jja 

.6 ^)JaLiL«a!)Ul <2Li3a]l ^jlflx^il ^3 ^\jl 3 V* i,Kj I 2 _a (. — al, xxn5V <2 jL^-a j 15 ^xxi'ia <jlib 
38-5 c 3 6 5 l)^-^ c_al^)^AVl <^1 ^Luj Sjc-Lai-a &IaI£j 

<JVAj g-1. Wl^U j 4<J1 3a Uxll ~»l Wll (jl_j3^Uj 4<JUa“u2^J S^)JX-<l3l CJ^LaIxa ^a-uJ^J 

<_i2lc. A1 Ia 3 j L V3ax«a*i X al^laVl ^3 S^LuiSkil Cj^LgLxa (j_j£j .tAjla2a3l 3AC. 

<IjL 2I <£jJaSl C t lUriTl 4(ilSi £_a .CllUflall 33C- <jC- LujAj aJSlIula A.^D\\ (*— a Ufal 

<aj 3 Jj cJj-aj y oL^aVI v4 7 2,-D 9 2 eij^Lolx-o 90 <jj1^ 

1 g.xxiVl C5^) ^ '^Jjt aAjLoII AjlqiJall dll A A j^iJall *Wjqx*all <3L^. ^^3 lg,Aj3 (_£,\x"\) 

y 

aIjA^I £_a $.Ja 2 l ^JIj cJ^ dlli^LidVI fi3A A A Vn # (dllAi3a]l ^ja dIAIa V AAc. <3L^. ^^3 

* s f 

~ »lW ‘ll (jl^)iDU D^Lui 2 fcJI P^-^ 2 i ^.JaJJ Ix^ijl JL-al Wl 4 cdl^ c 3 ^ .djLilIall 

: QJ$A L^J _jIjC- ^jl ^jLuj 4 4-lUalu)i 


B 11 1 

0„r 2 TV 2 



(5.117) 


Cll^LaljtA] ^-xuolJj (5.8 lj 4 (djl.^Jall N \)^j 

-e\±*£U t5 -Jie.Sfl jl jWI C.” VWj ^3 D 22 J A-22 Sc-Lol^Jl 

<j^)ULq J jlaj V .N=6 S^IaLilA^UI ^ ^ o^A ^ 3 a*Uxil 

\jaLJ V ^ 4 ^ 1 £ JiAi 4B1 i/(Qnt )j/) 2 2 (magnituites) 

lg K <1 jLq djl.q iJa Clllj A j^iJa A^aix-a ^^3 AI1 aj 3 P-ii-uillj Bjj ^j)a V \ (j^AJ 6^)jlx-all 
o^j~!k j <aJa AaL^jj 4 i ^£a j .( jIjujj <]L^JI a^A AI1 aj3 4 O 


503 


1 . 1 ^. 90 AjjI^Jj cJ^ <xjJaj!La 

# ClAajJall 



Ljlilij Lj|j ^a£ J±j\— cluSl j£- AjIJs 4 -vja^ JHa] SjJ3La]| $fr LuiaJl LJ^Ua : 3 8 “5 JiAfl 

([19-5] Jones ^jc-) S jlaUl* V *uib^la 


< :\ qJ-ill o.}.}*liA ^jIa *-£3 (JaJ ^ja c^jxa ^i*jji CIjV j>a^ 39-5 JLill 

Ajjuiill <_£ jLoia . ~ C." nM jt> ^yA filial IloV A-^Lx^aliA Clll^ (J£ja ]1 <Lia!lui-o 

lUiLo J^juoIIj <aiik-Q Ig »a j^xj Aaj 3 o^A j t 2 <-cuall <^_iix-£al] A_iC.lJl 

aJ^a^. ajjIIaII ^3 ^.i^j • (baseline) aj^c-IUI ^cjtij <jc. aliij^U 

f £ 

Aj^)l-lAli A_!U> I_a! 0 . Ajjl^J Cliliiia dllj A_iiLla A ^\jt-U^\ 

0 jluj ^sjujjJ .(Bij= 0 ) aJ 1 . 3 -»~Ua )1 ~g.l Wll (JaL^J ^sJJ U*\ CO^sAjJaV A j‘ 4 j> J-a A-^-lix-a 

Aij-aJ ^LuC-Vl (_jJxj ^Ull t A S^jJaljUA^UI A A^_iix-all 

- \ f 

^■IxajI ‘LajlLo cA_ioiA^]l _jC.Jj V ;A_ilxa]l A A t. J ’\\" l i-a'i ."^r.j^, i.si\\ 

A j\x,qH A A_^-iij^a]l ^W'a'i A_i^.lj ^ja .By = 0 A j‘ 4 j>J-a A^-iix-a ^9 lg.‘iA (Jsl 

n .0 AjjIJj *U^-aII CLllaJaSI dilj A A_^_iix-all ^gi lg_iA ^>j £1 ^Ixajl <Loj 11 a 

> > 

cy j X <^9 SgAxxi^ CIl^LqLxaI Aj Uxnll ^jc- Aju^)xJI A,^kj nil oAA 
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AiLia La Ic. Dll O-^LiL _jg 3a Uai La£ .A A_iC.l_31 AjjouII Aaj3 ^jC-j 


Ajj^)a (Jj-aJ c_J^)jJa Cj^LaLxaj jl A_uiij dlS^I ^3 D 22 (j^ J 6 90 Ajj1__^J aIjIa 

— (j-3^ ( -* > ^ A_^_iix-a (J^.1 ^ja D 22 (j-sa^i A-lj)g.x*nj ^j^aj .La ^)1aLg 

$(By— 0) (j-aLk ^UaII ^£Aj ^jil jJ Ja^A j .o^lallLo i Aj£Li]lj 

(j Jin J' n^. 39 — 5 (J^-^ ^ CIlAj CllLLiIa Jljc. AjasVl Aa!)L*-II Ja^.V t JUiaII Jdfuj 


(j^al A. ^UaII (.JWn t A JaVill aAA ^3 .(_)Aax_31 1 Ag >/i» \ ^ic- (jLjjl (jljW ia 

S^jLaxJLj m=l,n=l -JaAi]l 0 *_ijjj t2 1 AjjLaa A_iC.Lj Ajjaj CIiIa A ~\)kks-i (> J^.l <_ja 


N x L 2 =7T 2 


^ + 2(,D a + 2DJ+4D 22 


(5.118) 



(jjaS jjjI — CufiljC- AjjialuiA ^Jliuai Ajjj)%a1I CJi ja^ :39 — 5 J^u^l 

([19-5] Jones <jc-) S jIsUIa V Aa]Lu^1a djlilij ljIj cjUJail Sjaxja 

Djl I (jAjJallAll .laJl .(5.8 1) aJA*-J ^ja S^jaLia lgj\c (Jjj-a^Jl (j^AJ J 

A j'a.q'i AjiJall A_^_iix-all jliic.1 LaAjC. °/o 4 (j* (JS1 jIaLcij (5.118) aJaLxaII ^ 

} * i 

A-iSL-all A >Ji^l .0 AjjI^J djlajiall dll A A j'qiJall A^-iix-sall (_ja 

A_^aix-£all ^ Lgd Aj'xq'l AjiLla]! A_^ada]l %33 J ^Lxjjl 

. 0° ' g 1. - 1\ Cj|j Ajajiall 
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Ajjjlli 4_^_iix-£al] (jal ^aJI J^JI j J^JI Jjjli (Jjj dilajlllkVI ^ jljpj 

0 AjjIjj 1 g.K JjaIi ^jll djlqjill dili 4 jq^J-ill A *s.jqx^i\l (J^I^aII (J^JI j cAj-aLk ^_^.L1 a]I 

6 ^jc. (j-aLk ^^LIa!! Jjlij J^JI Aajs <j ■* %48 — j JSI Jus ^j-o 39-5 J^dJI 
^Alla 40 -lie* %18 J J^l ^ a J 1 <a±la 100 -lie- %6 J (Jal Aa^ (Jj 

J^ AaJ j)A ^j£I %30 Jl^^ j)A ^ •yj^ ^jllilll J ^ jl jjj uillj Jc. ® J^C* 

.lie. ^)j£l %18 J] cAjia 30 -lie. 0 Ajjljj J^j <j5l d-llaJall dlli A^J^ll 
d iLa^Laa djIJjuC-l (jA jJa ^lj^)a J5djj dllajllikVI o^A Jail ;(_£^kl S^a .Ajla 100 

.A^JIaII ^.xxi.ViJI ^_lAj-a_l]l 

- - •* 

^jl 3x^*1 11 (Jill A JJ j)A O^IXaII AJxjLujVI 4 J* jjlll djldijl! 40-5 J^ dll (JJJJ 

0jIHj jj£li . ( _ 5 ja£ jjj! - dual JC. j)A a3L.^iia1I djlSlijll dll 3 S JaliiAjUl dllkJall oJ-IxUa 

; # 

AjaJoSI Jjlaj-a]l JJ (j a d l^k^jd jll Ig xaVi AajJallj ^IxdVI Jjtul aIjIaa jl jjAVI 
j^JI JaIc. y 1 uxij jljliAVI dil^jj J dilailn^l ^^jxjj t Jaldll Aja£1*a 

•Lr*^' 

^uji asx jull aiuii a^Jaii a ^■Jx^ll L_ll Jll j)C. ^Vl) (jl (j^AJ 

^Jc- jlA^ill (3 * .j . 1 O^A j 3 J L_3^)jJa JaLxJ aJIja b^)±& J J-iAl Al^aLk 

jl Ia jJ ^)£jli . ^LoC-VI d 1 Vi dj^l-^l jA j£ (_j-al_k ^UaII ^lljlll L_lljjl JIa*1jiI 

$:ic.lii cilUA tli^Aj .(unconservative) aJViUa jjc. JiUj Jl l_uj£]I 11a 

Ji jl ^ x nj Jj 3 ~»l Wil (jl JVIj All I tuJ ~gl Wil (jl JVI (jl "bX AaIc. 

I^£ Ijl^jfll (jl ^Jc- jlA^JI Jj J Ia idlLaJall o JJ lxHa ^jLaj-sail JjlVi (_^l 1 Ag ija xJo i 

. A_uj! j^I Ai 3 o J.W aII djlaJall o^AxIIa A^j^x^ill J^l j)A Alljl ^_a 
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ljI J 4-L]alufc4 ( _ r ud ,jjjj — du2l jc- AoujLujVI AjjLuJail jtj5*¥l ljIjjjj :40~ 5 j£«uJI 

([ 19 - 5 ] Jones (J^) SjiallLaV aA\a dilSlSj 


Jia-fUajl £tjibU 4 £J jj£ 1 LjLijlLa 

^ j (Jj 3 — $. ll^ji S^Luo^. ClL/Lalx-a CjIjjjIj (j£-aj 

Ua-q <3J ^jj£I i‘* il q^3-al' SAA*-La dllAAjdll c^lxjjVi djV ^y^- 

^jjjj J-axIiiail .[24-5] J) Ajxj (JLaxjjujL dllij 1 AA <jA a^)C. 

4jAaJI Ja O -0 J Jg >*aN <ic- I aAxa ^AjoiLuiIaj l^)Aaj IjA 

jjjj — JjI_j AAj^jia <jl Ja^.V .AAiSAll L_Jjla2]l £jjjunl cA-ix-niali 

llAa. llij (jjfL iA-iXjulaSI AjA^JI Jaj^)jaJl (J^Vi V liA <9jj-a^All 

^Jjj — d±ial^)C. q -a ^)JJC.l cdlE ^Ifi. (Jtla£ IjLi^l J 

Clilij c(Ei/E2=25, 1)12=0.25, Q66/Q22~0.5) aIiLjjVI 4 A. u 4 JS^B 
•* f « 
4_^-iix-all LaAic- £-a 45 ^u/i‘i SaLaII CIAaL^jI 

^ Jax 1 ^LxjjVi (jli 6 AA v = N y ^j-ajJa ^jj^^all ^jIjj Jaa xA-il AxjJaLk 

(jjldl Jj dAjIxII jaij — JjIj ^g-iiij 4_jjtLa (j-* 4-5 (JjA^JI ^ 

(_>ax j ^ ^c. j]L 1 *j^j 4 - 3 c 5 -^j 2 ^^ u' o* .[25-5] (Ashton) 

. 4 -jJat^- 4 -<u 3 (?|jjjj — ^jIjj L_ijlijj tdlSi ^^Ac. . 

4_LLa!La ^AC- aIVujjVI 4,)a u*n ^jlAx-a (J^l ^j-a ^L1 AjL^la (jAx-a ^jjadl 
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V LoAic. 6E1/E2 C 5 ^-^ (Jj'aIxa'I Aajxj ^^LiaII 

.<xAj!iA 4-5 cJ J«^-^ ^-3 Ia^A j .[26“5] 4 jxnJdl AjA^JI 


lIi^I jP ^jU^al ^Uj Jai-u a diau :4 - 5 JjlaJl 

([24-5] Whitney (j^) ^ ^UiuiVl Aiaiuj ^.‘vU.alt AJjLoia jj£ Ajuj^ 


Nb 2 /Q 22 t 3 

3 1»hLi' 41 jjc. 

m = n 

UJ^SV Jjjjr^l j cJA^ 

\ Ajj jja (Jj'Vi 

21.438 

6.763 

1 

13.013 

8.115 

3 

11.565 

8.318 

5 

11.060 

8.418 

7 

- 

8.481 

9 

- 

521,8 

11 

- 

8.556 

13 

oaIaII Ajjajj jll dlAldVI < xAjajj Cl n«\ 4 Qll/Q22 — 25, Q 12 /Q 22 - 0-25, Q66/Q22 - 0.5 (*) 

4 -n. ldl^)Jal ^J| ^AjAillj 45 (_£jl-AJ ^Ajl^ 


aJjIL-aJI f U^jVI SfLui^ AjjHa 

u& jll L*j3 jj (Stavsky) C5 £^l^ JJ (Reissner) ji-ul j ^ ^ u J 

J) AiLJaVL?) (approximate approach) cAllddl SaaxI* 

Aljladdl SAAxSa ^jl_ix-a ^ja dll Al_g_^.V 1 J dial jdVl c > iIja*v\ (*=\ La^1ij^)Iaa 

ajAaL (Jj^La da^j c^IIa axj ^jjjjoil ^la .[27— 5] dlala^j dlA ^JaLiill 4 _a£Ixa 

4_L^)ia IaIc-Aj t^alllll 4 ja£Ixa dladdl SAAxJa ^jLix-a Adld^l 4-jl VudlU La^Aj^ULa 

Ia aIaU c >£^ .[28-5] (Reduced Stiffness Matrix) "^TjaLaII $*La?JI <a jL^a" 
"(reduced bending stiffness RBS) ^JjidJI *ldJVl s*La*." ^LjL u jVI 

^lidl Aja£Ixa dlqJdl ©AAxja *Wjqx*dl <^J1 _xa AaiI^a] ^ 

\^c,\ Ja^a a Ad j <1 axa Aijqx^iA (JIa^xILaIj 

D* = D- BA ' B (5.119) 


508 


D* A3j&a-aa]I Ijj aJjLaia ^jjC- A^_iix-a£ I^j»u1 

(J^.1 £ja 3-i c-l.W 'll o^Lul^. CIj^-aIjla AasI^-^ (Jj31.Vi11 (JUaxIL-J <_j^aj tlA^Aj 

^ic- tilli j o^Lai^JI ClAkjkt^A A q j'q^ (.^\\"ia'i o^JaLiLoV A jq^3-i ^cj! q»^-i A_^JI*_a 

q\ J-i^V D*. <i^aj-a-a31 ^ja A_a3l^-a31 ^j-alix3lj D A3jqx*-iA\l <c. j ViaII ^j-alixJl (J1 AyuJ 
^Jj j D cJ^ D* (jL-sa^j <jl ^\ tAljlj^iS A_i^lj O -0 ^3 ''xa (JIa/ujjVI Iaa 

Aj& <i^*j La £-q 3&J Uaa AjJ J5aI CjIaajp j ^Lxijl ciS^ ja^. Jjj 

^j-o l_l ^ja BA *A A^JI (jl ^Ac- dMj^' 3 ,.^ nj ttillj ^a . A3U-i*uJ~g.l W‘il A 

oja*iLo ^cjlq^ aJL^. ^^3 V] ^i3A ^ Ac- ^jj ^1j) D (j-c (J 3 I D* <jl 

^)3aLii]l Ajuj£Lx_a (■.** ll q;3-i'l o^AxIa ^cjlaj -£3 J A_31_*-aLiA clAslii^) dll A ^JaLilll Ajuj£1_x_a dj\.q j>3-a\\ 
ax21 AjaU.1 a3Lola 31 ^3 g.1 w ’i^U ^ (JaIxaII <jl ^Ac. (jA^y .(ajIL^Iia dAiils^ dilA 

i(J£joill Adlj 6.5 S^aall ^3 c luij^ iA^-iix-al ^gjl j3-ixaiV1 »1.Wi)U 


A’.'A,-^ <5.120) 

Ai 

D*<D. (ji a qjK ^ *i»,j Uaa *(5.119) a3^1*-a13 a*_3I ^sI^aII ^a Iaaj 

o JAxIa (j-a ^Jliij 0jld (jc. (J^kxA AajSJ CliLu^j ^^ic. (jj!Lail 

^)Aalli3l Ajoi£1*-a dj\.q;J-a\\ o^Axia ^_jIaa^ 3 j A_3Lx^aliA dllijlij^) dll A ^)AalXi3l A_uj£Ixa dllq^J-ill 

aSL, Aja .[14-5] A aJoVia j A 3.\)> AujLiJa^C- aAj-cl^. ^)dlj dldj *aAjL« dllsliij CjI j 

t A ^kjqx^-ill i^JIuia ^3 AjtSl jll Aj^JI ia ^jAAjJaJ ^a^C- ^^3 RBS 

^ jlllujVi A-LxijaiJ Ai3l j-aII Aj^JI Ja j^>j^ V 

^3 A'null Aisl^All Aj^JI Jaj^jjaill Vj 6^5.1 1 ^ aJ^Ix-aII 

SjjUfl (JJJ3 ^ic- (jl J^ILaSI JJC- tl^Aj .(5.12) y^lx-Ail 

»1 Wil o-° tRBS 6 ajj!1a 3I AiL^il Aisl^All ac-^HaII 

^jLL^aj A^L-aliA djl 3 l 3 ^) Cljl 3 i ^Jallill A_uj£L*-a djlq^ 3 -iH oJAxIa ^jlAx-a ^^A^J 
t (Ewing) ^jjjjj a^. j .[ 29 ~ 5 ] aIjI-a djlsls^j dili ^Jaliill a_ui£L*_a ciA q^J-ili SaaxIa 

c> (%0.25 c> JSl UlLj) IjIIaa Ual j 5 (Leissa) HJj (Hinger) jxijAj 

t A-ill Clilsls^j dil^ ^)3aLii]l Ajoi^Ixa (.** ll q O-ill dAAxIa ^jlA*-a ^I^jAI j j g-l Wil 

qa ) Lasl jj (Jsl 0jluj 1 jA^.j A^l cciilj £A .[30—5] S2 AjAaJl Ja ^jial^psl ^_a 
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Ja <A jLq Cjl3 ^jJallill <juj£Ijca ll 3)3*21 ^jlAx-a (J^l 

%22 t^^lac.yi cAw OU %28 ju! j ^Siij S3 

I^jjjI £jJaj ^ Clll^.^j23 %12 ^jl.Vte) (j-aSlj ja^I 


^aJJ cJa^Jl ^.^joil . ^0 — 1 0 i ^J_j ^ 3)3-1 H <JjljJj (J£joi31 Ajlj^a ^jl_aj-a] CllVl-^2 

A j 3)3-21 ^cjl.q^ll (Jj-g 4^Lx 3 o^Jal IloV <2if3a ^jlaj-a (j-Q S_lj^)is21 0 j <Sc.^j 


AAjlall <j3)3-i' 1 ^jla^-all 


jl <6.5 ojiill ajIju ^ <21 xA'^11 cijlala^)]! ciili ojJaLiLo^lll 

. ^y'^' ^\ ac - 2^ i *‘* ' ^ n w^u 
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44“ (jjA. \ JjHaj 


%u*SLa 1 .6 

<A jUl LLjaa ^ js*x,\\ A jaj.v^ cijUala^A ijjllj (Jj-aall 1 a& L V^gJ 
4_iilk j ^L-uLjjI 4_IL^ aA£jola]! 4 j^j'iI.^ja Ai^xAj . c.1^1 ^jjj 

CIl^LaI JLA ^A Lq ^ 1 j I A_1 iujIjujV 1 4,Vu*lV 1 (j^£j 6 (® «^La11 ^jaLJ 4 Kj.!oa\1 j! ^a!1 

LLjaallj Ia^jjIj J^3j 4j£jaJI 4_mlljl &^La1I ^)aC.^A Laj ^djliliiAli ^A La LoJI 

? 1 — 6 ^ Ajiull j <j£ jUI 



4PM 


Jl>*S 




( ji jaH <ULk ) 


Vv 

^ ftf'l * try ft ^ JAa 

J1 



c flM =? 

<cy 



S B jil JiLo 




X^»? 


• 

VljlH 

? 

A ^ WV T1 

V -H 

• 

•tju&A 

Ljj m ? 

* ? 4 4^ 

* 

• 

V 4JLla3 jtiiniS j^a i_i j£J) 


• ?j£_j 

• 

Jig 


• ?*j*2S4>L. 

• 

Y AaJbuH Au^aUaB^^jiu^ JjLuj 

• fiJaiSU 


4_iSja 5I ^IJIj j) j^J) fjk AjjjjLuiVI AlluVI : 1 —6 

5 1 ja 2.6 

IiIv^la ^ jJa^)C . j . (Jj-aall ^3 4 _j£^)a]1 jI jaU A^jujL-uV^ 4 * J j 3-all ClbJa^)C. 

< qVW ) 4a£^a11 ^I^aII ^HaaJ! ^U! 4_^^jl 4 4jL^)laJ dlij. ^alc- ^Llx-aS J 
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. L_al jWLj SljLall A_iVUxAi]l Aj£^a11 jI ^aU L_jIj£1I Ia^xj J/lx/TS . A-j.'ljVqMl ^I^aII cd]j ^jc. 

* ; 

l^ikl ciuia^j . j! jaII a 1 a Jja ^juA'i a j ajjaIjaVI L_ajjlxill <iUi jxj ViVjc. 

^ c. W^V ^j-£3j-£a3 jXa Aj£^)a11 ^I^aII ^pOtGPltisI^ 4_1 aI£J1j A_ilLVi CjI jjaII 

; 

. CIiULajVI ^ Aj£^a11 jjo\\ ^ W L 


IaS (Jj-aall ^3 A3lii^)l] (_£^^)£La]1 ^ ^ \ ll ^ jaII i^I^LaII C Q a^~ij ^ 

aJjIaUA ^iC. Aj^)a]1 ^1 A-IxjjLaVI ^IxJ^H A_l£)lj Jlxijl — ^VV'l ^aJ 

(_£jJjaa]I ^3 ^UJ Cjlfl^UI a.AA ^js-xUs - l V ^aJ J . ^UaII j ^UaII 

(_£jOjaa ^ jOjoiaII ^^3 jLg-V^H djla^lc- Ia^xj ^aJ .A3l3^)]l ^3 a^lc- aJ^^^All 

A q\*i^a 11 djlsls^ll djlj Aj£^)a 11 A-iiLlal! ^jlaj-all aVIxa ^ja (_j^aM 1 Asls^ll 
^3 L^>a' , W' uaiI ^aJ ^jaj tA3l3^)I] a-i-lxi^]! AjlxAj^\ CIiIjIIIaII Aja31jaj Aj. 1V ^aJ .©^Jx1a]I 


. Ail3^)ll AjIHaj £_3jdl] jj^.a'1 AjjIjj AjIHaII ^jjjIxa 


^aJ Ia£ . cLilliill (Jj-aali ^^3 Ailijll (_£ j^)5Lia]1 ^ V*iIVa11 (A] ^LaII aVIxa ^aJ 

A_lmjL-uV \ S^La^JI CIl^LgIxaJ Aj J^)a11j ^a!1 Alijl^dA ^iL^lLo (JA (j£ (JIaxIuJ 


^x3jal] jI^aII AIijI^ja Aj^jIIa (JLaxLaI ^aJj . VaIiaII ag-1 jaVI CIl^IaIxaj l^Iij^jlaA j Asls^l] 

.Aili^l] aaiaLaV^ CjIjIiIaIIj 


jJaxj £a cAsls^) 4A_1 jaLa^M Clll^j ^ja <C.^a^a ^xjl^)li (JjAa^ll ^^3 ^aJ 


Aj^)Jaj jLa] 1 Cll AW a AjJaiu ^aJj . A j'q \h A^-iix-a (Jj^ /Ini (_jJaxdll 

ji 

^ AjXJ A_lSjJ^ll ^ 1 Q i \ 1 ^)A 4 i A. L ** 1 -v (Jll»*[i3^jj . A_3 ^ ^\ i 

Ax3j!1a 11 A_ii±Lall A^-iSj-sa]! a^-Lud^. CIlA-qIx-q Aj^jILq ^aJ (JAJ I^^La j A A^-iix-sa]! 

^jIsjaxII AjIHa CIlaS^j ^aJ cAjAiialill Aj^)iaj] jIajC-V^ g-lJ^C-V ^AjaIIaIIj 

^JjjLq (Jj'Vl ^aJ .JjixA (J^jaJ L^J (J^ - ^ ^ *^JJ ^ 

.^lA^)AC-jj AjiLlall A^-iSjAall AjIHa ^^3 Ij^Al-la ^ Uaij djLlila]! 


^3 Aj£^)a 11 A_ii±La]i A^_iijAa]l ^gajl ^ 6 ^uaI^JI ^3 j 

A_iLjali!ill CIjV ^IxaII ^ tAjl^Jl jl jjAVl j ^IxijVi J (Jj^ Vi 

a JA xLq AliiaJjAA A-IaLaV^ ^- 1^311^1 (_]£Laa]1 ^ja (Jj\Vi (_£ cIa^xjj . A aJ^LiII 
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aJLaxia dilSlSj CjIa a£Lua jjc. j ^^LiaII ajj^Ij aIHuiVI a)o u^i t.** 

(Jj 9 — c-Llajl jijlj ^aJ tAxj Lua J .aIjLa dllilS_j dll Aj ^Jaliill A_uj£Ixa 

<LalxJi A, (_j-ald ^LuaI » 1 JaC.1 £_a Ajjdll AjI VujjVI ^ AJUaJjujI - e-lldi j 

.<LqI_A dl^jjjlli]l eAA <j^£j (jl (j^AJ c‘* n*\ 


. (JaI£ ^AC- Aj£^)a]I Al ^aII liiljl ^ja Clj^l£jauii] ^LJl c_L»a^]l ^jl ^dl ^11 <_ja 
^ jd*J (j! Ia£ . <djj-a^A^I ^alalA]l ^)UaVI £A lAja. ^AjojIaJJ V £-ldl ^aII <_jdxja 

; t * 

^u^j£j i^jda-A^aJI jOjoia ^Ac. ^lia. ^■’'n^A i c > il'i^l lAa. A-a. Vq'iA ^y'lx'i Cljlc. jjJa^Jl 

AjjujLujV^ a j<i O-ill ^jlaj^allj dlala^ll < j^ xx } l)..A^-'A S^^.^a A-dldA (Jj-aall Iaa A-ALj 

.A1jLa] 1 (Jjj-aall ^ <JAjJallA]l ^JJC- ^LaAl ^ajU^TNj 


3-6 


^ Ij^a 1 jajax^i^ !>LqIc. ( ^LdVI ^jj-ajxll (fatigu©) \*'\ (j! <_j^aj 

. lAja. A5 j^)xa c_lxlAI l— lUad q£- Aa^LJI dl^jjUall JajiLuj dAl^^-9 . 

* 

(jAIxaII ^ cdllij Aj£^)a11 aI^aII i^_lxlAI ^_ya. j! c. <n^ I^A ^jJal ^j]l (JljjuAli cc^IIa] 

ajaV’AI jl saIaII (damping) ajaVi j !^jj£j Jdal cja jl^jlj L_il^aJI j ?AjA2ii]l 

.IaIaj oAda. C—Utlill (_j-a jL-^aa. q j^Li c^IIa £a j Aj£^)a11 ^I^aI] ^-I^IaII 


iliAj . AjxjuJI dAaJI Ia^J L^IajujVI ^aI A^.1 LfjLiJ [1 — 6] 2-6 cJ^AkJl ^Jaxj 

djlajJall ‘Oj u1 ^a <> sLill JiA Aj^^jaII aI^aII ^ AjjAaII l_1 ^a*JI J 

(Jja Aaal^All l_j jjx]! ^ja ^)f^} idjlc-Laalij (JU^q‘^1 j t Aij^^^AH 


^au J^)a-A AJaLoUJ ^jAxaII ^ ^ m,ll • Aj-^jV^^ (JaIxaII 

^ IjAjlVi (JAxaII jjjJalljAJ {jj^J ttillj £a . ^i*j-a 

.Aj£^)a11 SaIaII ^a a_1a i^)3aA a!aI£ S^jj-^j^^a L-njuJl ^a^Jj t2 - 6 
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jjJaH 



^[1 — 6] Salkind jjjL^ILui (j^) j ^j£jaJ1 jIjaJJ c-jl 11I jj.ua liljluj :2 — 6 


^ Ia£ cc_lxlill <all^-A]l jjjJall JaLojl ^ja JA*J 4_j£^a1I ^a!1 ^>»Vi 

t . t iiill ^jVl 4 -I^jaII jun .3-6 (J^Arill 

jjoi£j Jj <iLjaVlj Ajnil' ^ ^ic- JaaljJill tilfl £a (JjjLuJl ^ jl jj <ja 4_ijUi]l <1 ^.^)a11 


. L Q s\\ l ^ 1 \ 1-^11 ^ l** ^1 Oil'll ! i Alilliill 4 1-v ^ ^>11 i "s~\ \ . L Q ^1 1 1 


Jj£j j cLiXjJa^A L <aj\ \\ £a djLa±)a]l (Jj-aS^Aj <xj1^)11 <L^.^>a]1 i-* 11 ‘ 1 a *1 

<jjILa] s^c-La a all Iaa (Jjaj . o jLaII ^JIasJ jja£ (jc- ojIjc. <jaaL^J1 4_L^.^ja11 

.[2“6] ^ ijJJj *» . iAj)^'n Urij ^\ n }& j jAjIj (JaiSjj (j -0 (JaaILaaII jjjJall c*lnl ^ ja 


516 











.d 

t^a*i^^!aji>.2 


LI 


* >-« *“ 

j cReifsnider j^liwljlj jp) umuII j-g£ jj^ialt LUi : 3~6 

([ 2 - 6 ] Duke djjjj Stinchcomb ui* Henneke 

L <ijx.rO jj c > la.x^ij cAa^^aII jI^aII ^3 JaLajl L_njoiJ 

<C-l_L-a LJJLua^l <ja A_jl_3 ® .^jVu*ia ^jfL ^aJ (jj 4 dJIa 1I A_iJ.lJI ^L^ll 

. (J^AaIIj <J^)1_Lq A^£^)a]I jl ^A^l (Jjjalll JJZu\ L_flj-£3J (J^.1 (_JA Aj iJ J.1^. AJLuIA 

(J^IxaI (CjIjjJI (JjULa jlg_^.j) A-j.'nWi S - 'N CjIjW 1 a 4-6 
1 LS - ^^ Aj^^aII SjLgII ^,K *ia . [ 3 - 6 ] bSl^A A^^)a ^l^oj 

^1 ^aII A_ 1 ujLoi^. <jj A_iJaj^_A]l (J^IaaII (j-a (_£ 1 ClAjW ‘ia £ja j ^a j)J1a\V1 ^ W 1A ^ja 

Jfll c^cJj e_lj£i]l jl ( jj^^JI) ^IjVI (j-G gjUll ci!]j Jia _jjlM Aa£^)a]I 

O -0 ^Ac.1 AJIHa ^3 ^_ui£ UJ.J3^ AYi.^nll S^jaII (jl_3 .^j^IxaII £ja jjtt i 

^ O^JaII o^A <jj . L_i*lill L_flj^)ia *>“ 1 Vi £fll jSI ^3 jljjj 4-6 J^l ^-3 Ia£ 4^a j>jVa1V 1 

.1^.1 AjAilalill ^j^IxaIIj AJ^jILg tSeh^ll j A_iC.^ill AjIHaII ^}a*JI jljJ^jl 

[4-6] AiA^ILa £^,1^) .Aa£^)a11 ^1 ^aII (JLaxIIiujI ^3 ^XJ^jalll £-uJj!ii] A_LalAJ^)]l \\ , UjjVI 

[ 5 - 6 ] l^J -li 3 ^ UaI£^ ^jLq Jjjl (Ja* 1 i»jj 1 .A^ JaI! jl ^aI] L_l*_lll ^tf 3 jl J>^V\ 
1 _^j^]Ij L_ix-saj .<j£^a!1 ^IjaIJ (reliability) <j3jj^1I ^uLojIS (■ - mil' ^wajl ■ 

.[6-6] <i aC. J ji. L_llj£ ^ I., u'l'l Aj3 jPjj (— i*jJ! jjjJaj L. u'l'l <jLaC. 
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jli Jo* 

([3-6] Pinckney ^LktiD i*i -i*i c-juII cjUa*-* :4— 6 JluJI 


3^11 ^jjjIj Jj 4 <j£^a11 S^IaII Sc-Loi^. ^ Lja IjjjIj c*11aj 

JIq a^Loj (_jAxa jjUuII LiSj-a^ 5 - 6 li j . 4_»lliij 3 ±uj 

a^lc- Jaal^J cliA . ^)A*J1 (JjlLa 4 _ujLLo 11 ac-Lui^Jl o^C-li ^ic. ~ \\°i\ ^t- 


S^Loi^Jl Ia^xjj a ^> ac- O -0 AjjaY 4 jc.La^. a cs^ 1 

. Ia^ac. i,J£jaijj Li^jjJj S^LutaJI <j£^)a 1 I S^LaII c^ULaIIj .oAjaj 


c^ 1 \''ia 1 4 _^^ja !1 jI^aII jl 4 (JjSM . 5 - 6 (_j^ ^ja (_jL^_iJal^ (jLiujl'^»' il 
(jlj l^jljijj Aj^^aII jI^aII ^gJaau tUlj . (J^IaaII i . ijm ^jIaC .1 ^ja ajlc- (Jjlal c_i*j ^jIaC-I 
^ J-ijm V 4 (j^ 1 Ag a .ac-Loi^JI ^9 ^U )n*OLj 4jl ^jxaj ^Ia^aC- a jLaII 

/s .>1 iu.M \ (JJljIa (_j^ajj • (3 1 Ia^aC. ^j 1 _j 3! Ij'aC. (J^IaaII 

. CjXjII]! $ tj)\k\\-<A JjjjLlij ^jqnlVi ^ 1 Ag ‘ia 
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JjjISJLuj SjIaJI JjIIa pf L jj~\ tiljiuj 5~ 6 

([4-6] Salkind 


^aC- (j-Q %95 J -IC-L-^a]! ^^3 Cj^U£I] <a^JI jaC- JaAXJ 

^JA 4-^^)a11 SjLaII ^ jAj (jl (_j£aJ d JA (JjA ^^3 .S^IaH 

I jj 4<j£^)a]1 S^LaII (_)j£ (J^ia Cj\^ i^ C ' . ^JAra!! 

( _£^j ^ .^»,x^aH J-a j uJo 1 ^aJJ ^jl ^ ^ •) O -0 ^^ £a ^ \j.*aVl ^J^Ja ^ja 

»hl q C. ^I^JAA ^jj^ilxuS tCjLgAjftll oj\A (Jja lij . (<3J1 j ^Ua (J£ Jlic. L Vqjl 

c^-jjJa^j t^j^AJ .SjLjjVI a^A (Jja 4_ij.l*A]l CjSIA^ (JaJ j . ^Ij ^ La J] *0^jj 

. tiKl ^*1 LiVlV %5 J Aa^JI jaD ^jL^J U' 

cIjI^Lia]! ^^3 t^lL (J!1 a <_j^ajl Aa^^ ^ac. «^a^*j iJ l s^" 

<j^a 11 ^jjajl^lll ^ajjiIui ‘lS^P-' 3^ LS*J .Sc-Lol^-ll AW A ^jiluA c‘* iI,WLa] 1 jl 

V <jl jl 4 (JjJ^)ia]l ^Ic. (jl (j^AJ l^JA £ \ ^y^.\ (jl !>** \\ ^ <jl <j£^a1] 1 .W 
SjIa (JA q ! ajlj jaC. ^jlj (J^iij Ln^Aj ^5“ 6 (^ja .^i^-i-a lA^)j.i 

^jjAjSU <L IS AjjL-ajsl 6 Jjja Jl 11 a .^gj^tA (_>ajlj ^ac. (jjij <j^^)a 

AjV^xaII <jjlaA <j£^)a 1I ^jiajl^il] A_iaA1 S^JaII (_ja£j .<j£^)a]1 

(JA AaixaII 1 g^A.^ ( >" ^ax'u J Ijj <jl ^^3 
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. (jjJ I—Sjja: l .an I t jlgi <jl Igjli ®* L-aJI 

Z Z * 

^ja Clia^ Ja^S-all (JlxVlV Ij L^jJal^ 4 _j£^}a] 1 ^ill ^JaJ c S^xxj j 

£_a tSfil rnyW ^ja LLkb IjjJ}^-a <j£^)a1I c*\1*ia*i 4^JIj11j . (Jjla^yi 

. 4,^ Uxi^j 4_Jj)X x*ol 


AjlJa^i ^JlLuaii uj£il 4*6 


.dJj^C. ^jial^c.1 4_A.lk] L_JjSJ A 1 " ^jUx^ll ^jl C > cA-lL 4 jI Jia 

(Jjj-a^ll ^)^.V1 l Og.ll . (^C-^)j) c_l]^La ^jLaxaa £_a C_fij£li]I^A <L^_iJal ^11 (jJal^jC-Vl .1^.1 
^1 I (Jj\Vl ^) y'lx.j .^£^kVl 4 g,-^H A j^iJ-ali ^Wj^x^ill ^3 <g_^. <_ja 

. (jl^AJ Ajj) »,*«'*! 11 ^JA 


^^IaIaI c_j5j ^1^1^-^-Vl a Kx : ;,a1 AJjV 1 ^ja 1^.1 j ^5xxn n-vjl ^ 3-ic.l 

(Savin) ^jjaL-u l_j\a£ (_)£juijj *[7 — 6] (^-^.11a]I ^JjIaIa ^jc. j ^aaIHa V ^^a 

(_)ja QA S.1J.1C. 0jluj ClbJa^C- ^a J . 1_A^)JC. P^*Jj 4 KxxIaII ft.l^J 4jl.l^ 1 ^IaI_xA 1 x*Q^1a 

a_iaaLj ^jljj-al_k ^Iajjj . [ 1 0 — 6 j 9 — 6] 4 jIj£ (Lakhnitski) 

.4_x-aLk 


<^aix-£i] SjLaII A_iujjj^)11 CIiIaI^jVI .1^.1 jlg_^yi (3flaJ t J jVI ^ 

^ ^^ji^ii ji_^-^.yi [11 6] liijftxxnjc- tiiA . 6 — 6 J^n Ia£ 4^^.1ia] 1 
(J-alc- J Ja^.V .ol^jVl AjjI^I <j£^a] 1 .il ^aII ja*J j ^.^.LiaII <^1_a1a SjLaI L—iiill 

0 Ajjl^ll ^jc. aoi/ai =3 (jl ^1 ^3 ^a ^^^-^.LiaII <JjLa1a sjLa! ^.iLuc-VI ^1^-^.Vl ^j^jj 
t^ju^^jji — ^u.ji] 4) ^2^ j-oic. ^jj^jj .=90° 

^jj^J ^£. 0 J^lc. . (^gjal^^Jul — Clual^iil 9j — 6 

^I^aII ^Jj <Axa111j <j£^)a]1 ^1 I.x^^^a 0 =0 *^ c ' L$jfi ^ 

^a ^•I'^aII (JaI*J 1 jli t^^^^LlAll 4^1 _a1a SjLaII ^gjjl (j_^ *>. .^.UaII 4_LLa1a 

^jj (_^^1 JaIc. ^jI^Lq^a dili ^.UaII ^JjLaIa ^jUx^II 

^)LlXA (JIa*!1uj1 1~^.J 1 Ag A . ^.aJ^C- V 1 (jjli^yi) (Jjx^T\H 

jA La£ 6^-aIsiC.I ^jli^.1 jlg.'vj ^)l_iXA C- LiJa^C. ^UaII ^1 ^a 11 ^li^,Vl 
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jl (Jja Ajm.Vig.ll ^I^aII ^ja ^j'l^ll ^jli .9.2 S^anH ^9 (jJJA 

. ^ji a j»,j>^»^a]i j^ijj ^a Aa^i^aIi j jjja^-ii Ajii£ aj^i 

aJjLxua (jjIxa]I ^ja ^)jj£ (J^ A_C.jUaA (Jal Aj£^)a11 jI^aII a ^) na'i t^jfLj Ia^a 

Adllc. jl^-2kj IaA £_£ jLoiaII ^ja (jiiLl Aj£^)a 11 jl ^aII J^'i .^UaJI 

<jl 6 — 6 cJ^jaII (jdJJ ^Ac. A_LLcUa ^jJIxaII ^ja (Jsi ^Ac. j 

jJC-jj ^llall A_i£Aj ^jlaj^all £iijAl] A-jfll^ _JJC- Ia^j JaIjC- 

^jj <jl 4-L^J iCjla±Lall oJ^xua A_^_iix-£a]l Clljl£ IAI ttSlSi ^gJfr 0 J^-C- .(^liAll aAjLxua 

— AAila dlV^ Aj^jlLo 



0 ^jL> 4-yljJI 

ij jj) a!) l-iS 1!I 4ila. lie- cjg ^jJajA <11 jl^aVl ^ bjIaSI A jjjIj :6~ 6 jS2ili 

([11-6] Greszczuk dj^iLje <^c) c>i <^Ua!I AjSbIj ^j«ai ^ 
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aujjuJIj 0 AjjI j 4_ijlfill <j-aLkll <1L^J1 

(Jx^l 4 ^ . t,‘* 1 Vi ^-^.IIaII ^C- <Sl3_J \,\\x°i 4_1L^J1 O.AA (Jj-G ^) n»‘l 

[11 — 6] ^jud£^jul — 3^3 lWj^ (Greshchuk) til^jiii^c. 

^jJa^-all L_l5dll 4il_^. ^ Jal^-oll jLg-^VI LiA ^aJ .7-6 

^jj£j • (T^ 34 aA ^ ^JajuJ L $ • *■. cJ _3^* 

Ajjl^jll (Jj-aJ LgAIc. .6-6 J^'t ^3 tilU <ajUa>G OC = 0 Ajjl^ll (J^.1 3° ^Jallj 

Lg^-g .l_i3j 11 (j>»qVn 3^3 (J-gIc- 4-g 3 (jli c90° J] OC 

j^*- 0 (3.).^^ ^3>*ii jI^vi <iL^. jia t^jjxG^A l*£j 

j ji^^yi 3 ^ 3 ^ ^jI*ji 31^1 3'^*! uj^ 4i3 • 6 — 90° ^ 3 * 3 -a^j 

. I I . Vq« Luj^jolg 4SIS jl! L_j^ii]! 


^jjC- 1 ,A_ii±Ia A ~^)k>.s-i ^Jj £Jjuj jj ^A 4_^_iJal j\\ A-iltill o jla^H 

L <a\jiy 1 ©UJ ^9 iiJl <jJa^)*-G 4_il3-aLi-G Clili S^Jaljo-G A j'q jla A l^1jj>‘g n_jC- 

ii^yi ^jhn ^»jj tiijLuj Lg£ .^cjUIi 3^3 8—6 j^j^h 3 ^ .[11 — 6] 

^ ( 3 ctilli £aj . 33^ il^^yi 4-)->3 ^j ^ 
t.“ n^«. TV^ It £3i 3^ ^3 Ail 3 c4jii3all A ^ jqx^iH 3°^ ^ 3 ^>j 3 ^a-^c.V 1 

il^jJ ^aJJ .A_i£_ilall <^_iL-a]i A^Lgjuj t j ^a^)x]l oJi^j 4 N e Ji - 

. Aj.^jVfi'l ^-lix-ailll 4 2-4 S^ill ^jAILg]I JLgaILjjIj Ailaj j£ 

_jj£jlj3 t Jllillj .<a±!a J£ (^ Cr ^W^y^ jW*-^ 3,}.^"\1 3U^yi 

^aj .a Ails_j til jL*» 1 ^.)'^.^ ^ ^ til ^l^* 1 ^5^ 

cijijL^.yi uj^ .6*4 s^iii ^ ig.'uJ ji 3 ^^ djiq^ii Q±i djiii^yi JaL^j 

.^aUJI ^g ^ A -\\k>.s-i\\ oi^l j A^Lgjuj 3 Aj ^ a Aij3i jit- <x3j1a11 
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‘Laic- (jjkliaJi Aa&j A a.iiua]l ^ (j jJ a!) l-iS1!I Aila .lie- jl^aVI jjSjj : 7 — 6 JSluL! 

iilj>uujjc- (jc) ^.juj j]l sjLaJI slajl A-u-aiib oc AjjijI! cjc- Jl^aV AauialaJI 

([11-6] Greszczuk 


^6 

<*1 



8 ViV 


Cjlilij tlilj A-jjJa Aaaiua ^ ^ jJ a!) Aila .lit jl^aVI jj£jj : 8 — 6 JS2Ui 

([11-6] Greszczuk dj-ijjjc <jc) A_LUaia 
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4j£^a1I A jQ \h\\ ^^3 L_Jjili]l (J ^JLa^VI Al^-^M _jjjlj (jj 

<Luj^)1-aa]1 ^3 4j u'li La^J q4 4_j£^a11 aI^aII ^3 ^jj^J^)3 ^jj^Vi^kA ^j±ijL^i\ J^3 j <ll^!lkl 
£ ksi j ^jAjJaJJ (_£A11 j^aII JaJ^jjudll ^aj)g Qa (J^Vt 4 -J ^LujV^ ^^C-Aj .4 j*iA».aH ^ \\W A )\a« 11 
Iajjlj) (Ja^,11 i.V'iVi c > \<j\W 3 ^ 6 . \\x, \ A q j-i*i a 'bfX.xA^y ^)j£l 3* -IojI^joi 

^3 ^Ja^II Akjjjj-u ^jjl ^\a,'i 3 ^ tlAAj . 9“6 ^3 La£ AjA^. 3 C< 

SaLg 3 a JaJ_jjjj £_AajJ 4(_£^)la]l -LaJ^jjoJl ^aj)g Q a 4^^jlli]l l_J^LujVI ^9 4(JjliLa]lj .AjAilall 
IjALuC-I U-3^ L$^' (Ja^II aIjuV c_3j (_]£ L_ljL^J LaLaj (<_£^)ial) (J 3 I <j£^)a 

filial 3 jI V 3^3 43 ^ l.Ag,A .AjAiLall A 3 -0 (_£3^t <aialA ^Jj L-iiLill 4_J^)3 

A-uj^)Laa ^9 SaIc- 3 ia j^a'I (JajcLaj .4 UVi ^jj 3 ^ 3 ^ t (Ja^II (JaVi 

• ^ ^ ^ ^ \ l 



— Vji 

L_ 
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^2? 

i 


t/./t'Tfi 

1 « 


•>>* jjtivjA 


E 22 * T ^ 7; 


I 


«. 

J-* 11 ■ •''■; J « • ^- 

tjMjJ I i^L*- *ULlW ^4 


Kvrprta 


LjAjJl 41 st* 

j-t4 ii|»A J*jsfl *■“ 

1 j— »■ 1 Jjb J«f v 

<_j jSaJI Jja jjS jj jjafelLi :9 — 6 JiuJI 


jjaiSJi tflilSj* 5*6 


^ic- . Lxulj ^(jjiLui]l^ 1 *‘ il r- ' . -^.M’ 1 . j ^jtjjja o^Ld ^1 AjIjji -lajjjj 

^A*n 4 IAA 3 -° . l^X-jAx-a 4 _j£^a]I aI^aII ClAjtiA 4<3 a11 4_^.j 

.AjS jJI ^Jaxjo'i (J j\ Vi ^3 ^ ^JaAIj ^311 ^l^AJ LlAjJa^ c.^\ j ll ]a 

oAA CllxjJaj A3 j . 4 j'iAxa S^jjUal ^ja y t> '*_)?■ 3 V I j 

^lc- j (J£Lola] a >j‘V^ a_:£j^)aV^ (Air Force) ^Jj 3 3^ s^Iaikil 


524 


q\ ^3 ^J-Vnjj .^cJI Electra j 05— Aj F 111 cijI^jUa 

A, jajax^MI ^)joi£J 1 (Cljjl^jA ^jjjIaa l xJ^-aji Aj£^)a 1I Al ^ aII CAIajjIsj 
3f»JdA Ax-a «^.JJjl) (_£ J^)fLiA (jdi 4 V jl . J^I^)A Clj^liL ^ju£1I AjI AC- ^)AJ 

Ajj J^jA £_A (Jj-aJJ (jl (j^AJj t ^jq**U*IA J^All (_£ J^LiaII (jj^l^AJj iUjlj . ( (. \ \C- ^1 

jqu*jA ^)j c. (_£ j^LaII 3*a]I jCnn tlflSlj . <_£ j^Ia 3*1 £_LlJ ^^kl 

AIaIII Al ^aII <_^3 ^jj-la^j CliAA^j dj^\fil! 3^.1 ^jaII aA& Cl jA^.j Al^aJ (_£jliiudA A ic- 

. (Ajoi^J!) Aix-aill Al ^ aII (^3 lAjjtill a1a.ja!I (Jja 4(J^I^)a]I qs-ix) i^ c ' 3*^ ^ J • 

A3 j^x^ia]! Ac-jUaA A n^n Aj£^)a1I aI^aI] SjjAA ^)ja£]l jL*£jl AjIHa nx'ij 

. as jij-aA — ^AjJI ^JaxJI ajc. 3i]l l-aILV L_alJyi 4_ihl3 j (matrix) 

oAIaII ^3 A1a (jjLllI jl jAx-a]l (^-lc-VI Cj ilALg^yi (jc> ^clijj 

Al^-^yi jj^3 (JaIjC- A_uj 1^)A j)A _jj~ ^ i _jj^ cilill^jA jmj t(j£j l.Ag,A .4 3 ->j*\a1I 

5* > 

t 3 *6 S^ill _j]®^) ^l**i>Vl lju*n SjjjSkll l-Jj^jII JJ^IC AjA^j ^^3 oAj4a Aju ^^Ull 

jl ^Ul 1 -aAjC- ^ jjJa^J AC-Lotl V lg,‘^'j t(AjfLla]l ^jlaj-all ^3 L_Jj3j]I 

Al ^ aILj ^jIIa I AjA^ i Axj c*\\**iaj i Aj£ jJI Al ^aII ^^3 . A gj ux jAx-a 

>-£11 (j^jSLj (jl j^>A 1 . >^l ^1 (JAJ^^a A>wj A \ \t.a) cAHa j i ^UaSI aIjIaIIa A-ujj1 V'iaII 

. CjU j^saII (jjj (j-lnll yL-sa^jljl dA^aIaII Cljlj j^aII A^.1 ^3 I^>ja£ 

* * 

^aLaII ^^)jol1xjJ jVI ^^3 .(Jjl^j^. j^l cilill ^>JA AjaSLIa ^ajali 

^^Jc. Jja^]I 4h^?a ^jaIaa (jjJaJ Aj>a311a ^jjjuj t^jUill . ^)ja^1I iALjI^jaS A^ujUaVI 

[12- (Wu) ^3 Aj^jIIa AjjujLujy I AjjIIaII (j^^j C(jjl^j^JI ^3 .Aj£^)a]I aI^aII 

•6] 


j-uA]| ^LlujLujI *(j aUa 1.5.6 


[13- jaj£]I ciLjl^jAl Aj c-ajjxaII l_jVI (A. A. Griffith) ciuaj^c. .1 .1 ^>ci*j 

I a) .A3Ua]l (j_)lj^ aLajC-VIj (jjaill Aj^jI ^allujl (JjI^j ^^3 AIIaALuia (Ja£j .6] 

dAUjII IjjLaa U AsUa ^3 ^ali^AVI {j^^J (j> (3^^ U^ 


dU _ dS 
da da 


(6.1) 


xiljll jA cSU/Sd tJlxijVi AiUa JjlxA <j] . cJjia cl 

V CjIjL^J ^iaILq cClnaj^c- <jj11a J^a . J^ajl 

. ^l\ L -^^ a -^ c * 


jLil j — (^\ t - : * [14-6] (Irwin) (j^jji] £-*»« j 

• 10“6 ^a ^-iJa^A^A La£ tjjjoill £_ujjd] JalAjl 

•(3^ iS^ (_}-aa]l J (_^)-£a^l j iJaLojVl o^A 


laAJ (J^l qjh (JLxijVl AaUa ^)J^)^j (Ja*-q ^Jj oLiijV^ 

Ia£ iP (Ja^ (.** 1 Vi j c2S L5^ ^-a^^aIa]! (JjJall dll .a d l.Wj 

. 11-6 Jiill ^ 



£d-oJl ^uj jj iaLaji : 10“6 J ld ll 
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([12-6] Wu j2 (jc) JUijl — (JjsaJI la]ai»aj Ac-luala A ^ : 1 1 — 6 JSuifl 


[/ = 



:^a 4 -v i 4 l ^.'1 4 JU 3 


( 6 . 2 ) 


.L ^-SljaLAJ lg J>^13M (jC- J Jallj (JJJ <11.3 -»'Ua)V1 Q Cll 

'.A CIijIj 


j p 

m e 


(6.3) 


^3 4 UlA^'l A^iald]! 25a 3"^ £-wjj 4 CS^) (JlxajVt AiiUa j jj V i J.lacd 3 ] 
ijj) ^3-^ <1*^ 3..^^'^' 5^A a (4 l^j cl l— 6 


de 

da 


= 0 


(6.4) 

(6.2) 4jjl*-oll QA 
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(6.5) 


0U 1 8P LSe 
— = — e — + -P — 
da 2 da 2 da 


(6.4) 


eu _ i dp_ 

da 2 da 


( 6 . 6 ) 


(6.3) 


0P 

3a 


1 0e 3 

+ e — 

m 3a 0a 



P 0m 
m 0a 


(6.7) 


0U _ P 2 0m 
0a m 0a 


(6.8) 


cG JlxijVt AsUa Jjx^i [14-6] (jJjjl 


G = 


P 2 0m 
m 0a 


(6.9) 


IHjIj 1 ij G Aau3 . U^-ujUj (jS-oJ HI J P (jV AjujLiS Ua 


aJV A ilia ^jc. (Irwin) 0-° 

(Jj^q Vi c” i Vi ILoi >^1 -ii j .(3joi11 (a-os) cJ 4 — ^ W^V ^ 


(Skew- ^)ialli]l c_a^)^k pl^aJj cJ^aaII AjjouIIj pallia pL^aJ 4 O a^)^3 (_£ jJjuaa 


Aia^UI .12-6 cJ^J' US ij^ll J] a^U r 00 symmetric) 
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V jxj Je. jjiks l$jS/ t oo (Superscript) U*JI 

: JUIaII 3..'.' 1,1 ^ ^ r - Cj ^ - tALflj 3*2' ^ ~> v< ' I f' j jj 3 3^ ^ J <j j^aII 



e 

cos— 

2 


, . 9 . W 

1 - sin— sin — 
2 2 


r"Va . e 

— ;=-sin — 

V 27 2 


2 


e w 

+ cos— cos — 
2 2 


(6.10) 


till 

T~ 



I t 

T T \ T 

AjlgJ^UI Jllc- jJaLUJI 4.411 .Vuj SjIsUIa lj! J 4£,,\a sf\A :12~ 6 j£-uJI 

(j-c X xyj a y iS J Aj&^a (jj£j 

oAjuj ( ^ 5 JaLxaj X -^/^i j O’ ^c.Jj icdli ^Ic. ®J^ C> • 1/ Vr 4_jj^)A 

. t- q\ 1 ■N."i^\l j jJiUoJI .tl ^ -N-Nf 1 


k { = cr°°Va 
k 2 = r^Va 


( 6 . 11 ) 


. 10 — 6 (J<S Ia£ J^An kj ^IsLiIaII (JaIc. 

>». VNJ . ^aIa^M 3*? a ‘ l (jA ^JOI j!L k 2 ^laLlill C_i31 V\a JaIc. 
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aj (J^l (j* Al^-aJ dAjuj (J-alaU ^ jIixaaII ^3 Al^a-Vl SAao ^Lalc (J1 <i£jjujJ (jl 

^jot^Jl A-ujAiA j <i2a-21 ClaV ja^. 11 ^Ac Al^aVl dAjuj (J-al jC- Aajju . (_£^}1 j! 1<21 (_J-a21 3a a ‘ i 

<. S^)3a cJ^^. Al.g (J j-a3 La^A (j^A j C^^JjoiaII CIjV j)A*\ll (_)al ^ja. (^^juAI A ajj.ViA_j 

. ^)3aLi21 t—alLkllo j ^jiallLo (JjjoAl 

L_iali]l ^uaj (Jal (j -0 • 2_g_aVl (J-ol^C. ^jC. Al^aVl &Ajui (JaI ^C L ^"iVi 

Axi i Vi 2 j t a!1 ^aU.1 aJo i Vi 3 IjjLaa Al^VI 3^^ (JaIc C(_£^)j1a]1 


jmj ^Al! 4Alg_aVl (JaIc (jli cIa^Aj .L_fi^)j-a]l <_j-a21 i Vi 4j _jj>^a!1 ^jIjj 

4_jj^)a]1 £ja 4 Al_g_aV 1 AJLa Clll ^iaa L (j! <_j£aj V 1 1 A^)A1a IjAAc !)IaIc 

^UlLj 6Alg_aVl CjIj£^)a J£ ^ Aal jjj Alg_aVl SAjjj JaIc (jls t^jfL 1 Ag a .4_ijli21 
I JH21 j^^Ac ^latl a 11 CIiIjIac ^3 AjAa ^ajg Qa^-3 


G = ^- (6.12) 

AJjLaa dlls^Lc ^ic. (Jjj-aaJl <_j^aj .4joiA 2 L^jl^a .VlAj ^li21 JaAJ ^ja ^Ao (J^l (j-° 

dAjuj (JaI jC- <jl ^3 4 3-iVill (_ja£jj .(_£^)a.Vl (jixlll JaLaj^ J ^jOjoiaII ^3 (JlxA2yU 

. (JLxAjV 1 A^Ua ^)J^)aj (JAxa ^3 ^)g 3a 1 Al^_aV 1 


AjSjaSI j| jaSI ^jic- j^oi£Ji n*lj tl5j.a JjjjLj 2.5.6 

C^_aLlA]l AAjIaIa aI Ja 31 ^gJj 4_1 xa21j D^JAA ^ajl t/l^k <j£^)a11 aI ja31 i41“ia‘i 

^aAc ^3 A_1 x*uj^)]I (J^LaaII i*jj j . 1 x^i ^^JaaJI cAIijI^ja ^uiaj 3 X >J 

^}Jai J (j-°J J (j- 0 (_>^>‘^ ^aAC. j ^_aliAll (JjL«aj 

aI jJI ^ic. a» ‘ ill (jj^ (jl 1-^.j .^.IjjuJI c. <alia-A]l cIiIaL^jV! cIiIa oaaxIIaII cIiIaIs^)]! 

A-IjujLujVI ^aLuJI ^j-o ^1 AjAjC. ^»jj ^3 <jV 4 1_)AoIaa ^g-aLiAil <3 jLa1a jjC. 4-juajI Via 11 

^jjAIViaII aI ^-*23 <j£^a!1 aI jJI 121c. a^jj tcdlAl .^)juj£J 1 ciLjl^jA ^3 <IaxIL.aa31 

* 

.(complex variable) ^Sk. ji ii» 2 J\ ju AijlkJI CjLuSj JU*xa.lj 
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^JjLaIa SaLa ^^3 (Jj^. Al^-^M [12-6] (Wuj ^3 (J^IAjj 

3* ul l^j ^Vill ^jj TxyJ CJy j (Tx (j-a SAjuj <jl ^3 Aa-j i'* n*\ ^-^.IAaII 

^ *v CliV 1 A 4 lu> ul 3 J LiAajl (_J ^ 3 T 'sf^ _9 (7 yfdi ^iIa^-aII Alajaii Ja33 

Ci.Wj . A, \»,A\\jfi SaLa 3I CiUU^I J] 4 Uai'^Ij ^ajJI A^. jj j ^UaII a£La1a jjc. daLaII 
A-Ijujjj^II SaIaII CjIaL^jV^ J] AajjuSIj CjjIj oL^jI ^ic- JaSl^-J LaAjC. ^a^U laJjaiij 

1 g (JLiaII (J.) Jjuj ^.Ic- (3 *a] 1 £" kJ ‘L9" J ‘*— ■ ll^LuiA jl ^-^Ax^all dul^ Ijj (Ja'i'N a <. S^la^ 

3LJI j ^.UaII a_i£}Ij SaIaII (j£j ^1 La i^jfL 1 Ag a AjaL ^.1 asIsj ^k ^LilbU 

S^JaLllA CjIaI^J ^^‘iaj laAJ (jli cAjjoUJ^II SaIaII CljlAlaAV \j_jl 30 

. 3 joi]I L-fl^la (J^a. ^3JJ ^3 ^iaLiill AaIL^Haj 

lA \\\ ^ ^ 3iilaj a A As ^ v W*< ] L-ljlalJl 3A dllc. JA>A [12-6] (Wu) j3 33^.1 

c_fll21 3A oLa^Vl AjaL ^.1 ^jlax-a (jAajC. j Aj^^a]! a! 3-0 !! JJaII ^ AvnH 3* ^11 

3-aS j Ajuj L <aljiyi oLaAi ^3 Ij^^^a AjljJsjja 3^^ ^glc. (Jj)Vi — A_i^.L ^3 

3joA 1 (J^laj (Ja*^N (J>^ Ail] .13-6 JS^II ^3 La£ t^-aSj Ajoi <■ _ jp j 

A_iirk]l (AIjIAla J£jAj j^iTi 3jLa]1 3 I Ja^V J t^^LJI £_jjjuJI £joijj Aic. 

^iia J-^a’i o^Jal uaII (JLa^.V 1 Aji caIIa cs^" ^ 3 *a 11 ^-a (Collinear) 
l^A laAJjl ^-qIaV^ 3 -aali ^Jj ^iaLiill A^31,V\a (JIa'nVI 1 3 »jdll 

( 1 ^LolaII ^glc- 3 A ! ^UaII a]jLa! 1 a jl 3 -^^ Aj^ILq L^. Jjja j 

I jLgJ^V 1 6 AjoI (JaI jC- (j J$Ll 


k ] = cr°°Va 
k 2 =0 


(6.13) 


lA^^all SAjoi (JaI ^c. (J3^ j 



(6.14) 
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<T°° 


t 




x°° 


([12-6] Wll JjJ&uJt LjI^ JJ J Ci\ jtuL4 : 1 3 — 6 

^xi)l\ jLiujl ^jc- J jla a c j cr f J c* 

A^ujj^jII A \\ JAaj <jl ijJjc- l_l^j 1_a£ cd^IaII 1 IHjIj kj ^jl£ lij 

AJjLxaII AjIj£ (j^AJ AjV ~ V 2 A_LlA 1 AjQUj.iA UtN log a c (Jjli-Q log OV Jo^V^A 

:6. 14 


log^ =logcr c c °+|loga c (6.15) 

A_Llij Ij^jAlIa Aj^iai]l 6 “0.49 ^Jt2 j& 14-6 ^^9 aJ^IuiaII (Jja <jj 

l^A Clmill oL^jI ^ ISjLi (_£j!±^j ^LiaII Ajj^Ij a519_j ^gic- ^uLdlS 

• 13 6 ^9 A ‘nu dil^jLaLA (J^l CJ j)\ ftp A.J-u> 
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Jjk * *** 1 1 


(jc-) t. flljlVI ( j]£> (JAJA& lui Cjaj Ljja- 4 SljLa AaLuHa A : 14 _ 6 


([12-6] Wu 


^ic. (J^a-al! j^l <AA ^3 aJL^. iS ^ ^ ^ UJ^)^ UJ^W 

[16-6] (Corten) [15-6] (Tetelman) jUhn .a^jJI ^1 jJI 

(Chen) ^jjjoij (Sih) a_luj 0]lc.j ^Jaj A_g_^.j i^IijI^ia 

Ajlv^kH ciljdjaui jhlVnl (j-a Ja-<u]l aKj.!^ [17 - 6] 

(Eisenman) jUjjjlj (Waddoups) j ^ ^Lj .(Noncollinear) 
[19- Jjj£j (Swedlow) (Konish) (Kaminsky) j 

^1 j-all ^Ax-a]l ajIHg ciiiai3jjj . a ^ jAli-o 6] (Cruse) 
(Hanson) j (Chamis) Jj3 0 UjV1 ajj>U1 a^j-J 

JUViVI AsUa ^>jaLLq 1 j)^a.^*uj>il j . [20 - 6] (Serafini) 

. ^ JaLajV^ ^9 ^aAx-all AjllLa ^ \\k \\ c*\ nl,^}<all 

Aj^^J-Q 4 ^ Q ^ l-> 4 -v jQ i. ^3 i wM l ^ (Jjjajl jj**<\\ -v \ 1 A_j|^ ^j\jj 

j)<a i\ 1 ^j)iLji]l .A y^Jall A, -Si ^9 AaS^ j)>a \ \ (j! 1 .l3^}i]l 
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f- * f- 

4L_iLi]^U ^Ja2 lij .L_flLi]^U ^jl^a (matrix) Aij^^ali 

. Ljlj <g_jLoui <L£j^)laJ c4_uiij] _j! ^-a cL^jl L_fljjui3 tl 15 — 6 ^9 La£ 

y 

c^\U^ ^ajj 4C-_al jS)1\ Jj <^jou11j La AjjI^j (J^Lall £_la9 lil 4<j£j La£_a 

^9 La£ 4<j-uij] <jLoba jit- &A1 ja j 4<j-uij] lj_jl^-a i^JaA j ^jl^a 

CjIaI^jI dlli CjlifL oJlC. ^j-a L-fiSto 4_iLiiali 4_^iix^a]l ^j| LaJj i4yf\'\W-i . L_3 15~6 

LixjJa^a 4-jLau> ^joi ^-aj ^ ^9 (J^ax-all (J^jaill (jli coJAxlia 

L^jULa J^LiIi^aj UJ^ V 6^j-a*jl 4-^.j ^Ic- LLi^.1 4_jlAa ^)JC. j cLLi^.1 


c j£j ^sJ 13) 1^. 1 jx x^i jjjJall^-aj (j-a £-1 jjjLL (jjfL .4-u»aiS 





aI .ai ^Kj 3^* * i 




<LiJ^3b jjc. >*j- v 

4j£j*s 4jjLJa 4jkaiua ^ Jui j^j : 1 5 — 6 j£-uJ) 


^jJUa jxi) (j-aill CjI jjjLj 6-6 


(JaLtaJ <j^)LLa ^ai^-la £_jjj (J-aLxa Lj.'nWi <j£^all ^1 ^all c*\La‘i 

Jajl^ill laJjujj ^A <i^aj-£a-all <jl LaJj - cIIjLbLs^II 4jK 11 ClL^LaLx-allj 4_j^)liLa L qljlLM 

CljLaALaa ^ ja-^a ^j-a AjiLlall (J-al£ ^^9 (_j-£aall jjl (jls cClAalii^}]! (jjj 

(jV a“\W jiatUI 13 a JaL^j ^j£-aJ V . djla±)ali (jjj La J^laLia ^j-a ^9 Aij^^ali 
dj^Lalxa £j\ jA ^g.ali ^>aV I ! 100 O -0 ^Ljj ^jl (j^a^ Aj^iLall ^jlaj-ail 

^I^aILj <j^)lLa E x ^jjoiLiall (J-aLcali ^j-a ^yzj ^XZ £ jLall 

^ji J^-aJ Xyz J Txz ^LijLja^)x]l (_>£aail CljljL^-^.j (j^3 t^^Lillj .^-^.llall 4_ljLala 
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dllajJall aA-lada ^jlaj-al] 4 _iaAI ^)j£l 

f * 

1 cJ jVl ^jjjIj AjujI^jA ^aaiVi 

oAA ^) ujm . ^gjl g.1 Wil <1L^. ^3 4 j'q O-i 11 ^jlaj-sail AAjSaII 4Jj^a 11 cJ^l^. 

jln^l Jalaj^ Ia^. SAjLo Igiilj (j£Loui ^Ac. 1 g^n.)-?' i ^3 sAj.Wa <J j)\*y\1 

A 

4_^JI*-a] SAjAc. CllLu^j ^jl!iJI ^3 (JaSIjj .£_uj jl J£dj (J^jOViN <Llili 4_ujj£i]l dljjJvA' 

.^-lix-alill Aj^jlaj ^^3 ^^jLja^xJl CIiIaI^-sA 


*UaA>U 1.6.6 

djl A dla±la]l oAA*11a o^Ial maII g.1, WiV 1 ^jlc-lj ^jjj ^jA 

A.ujj.^i j dUl^jl lillldj t^liJ <a±La (jj^j .[21-6] ^JL-oIaII 

Y oL^-jV^ ^^-3 ^3 4_ja1_i±a V . A ^)jL^-a £a Aiiaj-saA oAIaII 

p uj^j p ( x ) ^jLja^)C. *Wjqx^i\l ^ia^puj IaAjC. .^16 - 6 ^)Aajl^ 

14-ji jAiaJ (Jxijj Lg_jl_3 ^y ^jC. 

u = u[x) v = 0 w = w(x) (6.16) 

•X-Z ^J-UUaII ^3 4_XslC- ^JlxAjCt JUijl 4_il_i. ^3 4 "v IQl -^»\1 



4aILuaia Cililij ,_j j JjiaSi JajjJil jiuoit fllaJI : 1 6 — 6 JiuJI 
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. liA 1^. diULjjVl j Cjhl^^U ^jIc-Ij lJ^- 

(5.6) CIiV^Ix-aJI J-^ (j-a AjAiliill ^iix-a!ill Ajjiii] Aial^ill A-yrn'l JjJJ 

( 5 . 8 ) Jl 


A n u >,x- B n w >* a = 0 

D u w ^ xxxx ~ B u u ^ xxx = P 


(6.17) 


JaLujVI tils .(6.16) ^liall 4 jl£>Ij (jJ*J ikjJ Lo^jc- 

JS aJ^Ix-aII (JjJaliiL o^A J-^ CjV 


B u 

U ’ XXX = -^ W ’ XXXX 
A ll 


(6.18) 


I^CJUJ tA-ijlilll 4J.Ax<JI l^l.\n^Lj 


4 i 

77 


(6.19) 


D =A 11 D 11 -B ii 


( 6 . 20 ) 


«;zx 


jljjli (6.19) j (6.18) ^ jli /> = /? o sin — - 

7 

:JUl£ 


w = 


Ai Pc 
D 


u = 


L 

nn _ 

B uPo 

D 


sin- 


L 


nn 


nm 

L 

-.3 


cos- 


nnX 

L 


( 6 . 21 ) 
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£ x = U ^~ ZW ^ = 


1 

ttf 

1 

N_ 

^f 
1 

" Z " 

D 

_ 77 ;r_ 


Po Sln ' 


Y17JX 


L 


( 6 . 22 ) 


:a1aL JS oj^j 


<t a = 

x k 


PoQuiA \ z Ai) 


D 


L 


nn 


sin- 


nm 

L 


°y k = 


PoQ\2^A\ Z -®il) 


D 


L 


n2 




sin- 




(6.23) 


L 


(jl ij (LJ 


£*J 


&AA ^gic- Lu^j ^jJaiLalj Jljj Lg t (_£jLalj XxzJ CJ Z 

I a 1 (j J)l jJ diV 

(6.24) 
Jr 


r„ = - 


Po Qr 1 


D 


" Z “ 

4 j-z ! 

L«^-J 

L 2 


COS- 


77 TZX 

L 


(6.25) 


(T=- 


s~\k 

PoQu 


D 


4i z 3 _ 


‘r 1 


sin- 


L 
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^glc- il l>°J (j-° Lkj H^ ojjjliill .l^j *•.“ n*\ 


o^Lq ^j-o Ag-jU/i/i 4 j'q^j-i ^jl^j^a o^xl ^jllij jjlc.L 

(J-qI*_a 1I ^Jlc. ( >" 

Ei=25 x 10 6 psi (172 GPa) E 2 = 1 x 10 6 psi (6.90 GPa) 

Gi 2 = 0.5 x 10 6 psi (3.45 GPa) G 23 = 0.2 x 10 6 psi (1.38 GPa) 

Vi 2 = v 23 = 0.25 

-6] cjliiL ciiX o jELiia GLL 4j*_iL_a LS i c. p=p 0 sin(7tx/L) U j^a <1 j 
t<£LajaJI Jc-lilll <iioij W __y*-a]l ^g-iLia^x]! 'i/jl .[21 

(JiJI (jc. 4jj^a]l (J^. jjj .17-6 (J^aull La£ tS— L/t 

-lie. ■ 4 ‘ la A^Lajoi -IC-Lij <■ - 1 . Sic. 1.1a. 4jAllidll ^ajL-adll Ajjiail 

4jjLa!la .ll^all ^a 4 jL 9J 4 ) ^ )a 3 \l 4 ^ >a. ^»\1 4_j^)laj " 2 tS = 20 4-lxuj 

• %20 ^-sl^paj^l (jjfLl t^.^lVa'I 


K)0E,f 3 w(L/2.0) 

V 


0 to 20 90 40 50 

iaU_Ji (£i— 3V') ^-uji ia-J, L/l 

^jlcL |jc) AjSLxuJi (^LuuVI) JcIjjII ‘Uuu jj*-aJt j-UaJ^I : 1 7 — 6 JiuJI 

([21-6] Pagano 
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(jC- (J^. (jjfLj iOx ^ aJoIj Al_g_aJ (J^l (JA 

^9 S=10 Aic. l A ( J£ju 1 J ^ul AA^l j iS = 4 Aic. Ia^. li^JaJA JJJ9AH AAj^)a]I 

‘Txz O' 3 * J W) ciA t> . Jl iill Jc. .(-j 18 -6j i 18-6 JlsAl 

tS=4 Aic. JjSj V <JJ9a 11 JaJlj AjA^IaIII ^-lix-adll Ajjlaj ^jjj djl9j_jill 
.^ijiSi C5 ic. tc_j 19-6 j 5 19 - 6 Ji^oiVi ^ S=10 Aic. JIa^c-L ojjx^a 

A ->■ A^Laja ^}JC- A lla^. dbai )1 1 3t 2a t Ai2a ^9 1 2a^ Lille- U (_£j0jaa1I ^9 

^jc, (jli tS = 10 LoAjc- .1 19“ 6 A‘i\l Ia£ iS=4 (j I aAjc. Ajii2a]l 

jli . l_j 19—6 ^jk Ia^ (Ja 2 Aj£2all A^jL^all A^Iaja ^jc- AjJaaJl 

a u C .S 4 ^sJ9 cJ^V A-IiaIAa ^iC. Jlxi£U aAjIaII ^iC. c_S A jjJa^9 

l_lj^) 9 AA^l j & j^)xa ^iC. A. A ~s. A^Laja ^)JC- Oz aI^^-V ^ ^ 4 AA j^jaII 

.(6.24) aJaLxaII ^ja x xz,z AjAiI^jII iL^All A_j^)laj ^_jA ^cAlAll Ia^. 


a L_j^)jijj jjlc- 1 j Jlio ^_^9 AjAilAill ^ jq a.^i‘ 41 Aj^Jaj ^9 CAIaI^-^M <jl ^-Aal ^11 ^ja 
<jj£j j .a£Laja — Ac. Lull A_ijaij aIa^j LoAjc. caL^L^VI a \» q"i Laa ^-^aI (JjjsaSI J^ll 

^9 Jal^yt ^aJ .20 AjJaikiA S ^aU 9 <ja (Jfjljl %10 4 jlj^a (j - 0 Alg_^.VI S-Uaki 
l <ajx^jj AAl, m \ AjljLa ^j 9 j 30 j 4 (jp S ^j 9 J ^.1 ^ja ClA^lj^jV 1 ^j 9 ^jjAAj (JJaj 

dj^lxAjl A^.1 O -0 Aj\aC (JjLui j ^ 1‘Wj tA_ilc- ^.Ijj . Aj^^a 

.AaJIaII S^jLiil ^9 L_flA^JI lAA ^_fl^*jjj . ^jl u*i^11j 


^jlc.l_j ^juj j A^l .A_i-aLk cJ£L 1 a 1 AAi9A]l (Jj)\*\ll (J cJaC- <*_^.I^a Vji 

^)j! ^_jAjJa tdlij Axj . (JjJslII J.Wa A_laJ^)jai ^jl ^ 1 ^[22 - 6] ^jlAx-ali ^Jj Ajj^)iaj 

djl 9 l 9 ^]l Cljlj A jqiJ-ali ^j! q A_^JL xa (J ^.1 ^ja ^jOjolaII ^^9 aJU^'udI — (_j-aall 


CjV ^^ g-^LlAll Ajj41j A jqjJ-ill A_^_iix-all £_jl jj ^jIc-Ij .[23~ 6] aJjLaSI 

.[ 25 - 6 ] djla±)a]l oJAxIa ^cjUxAall ■ 1 \jA iljb j ^ jlc. Li qsh\A\ .[ 24 - 6 ] Ajxi^aC. j!l£l 
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([21-6] Pagano jilcL S=10 JaJ 4£UuJI j_» a x =v 18-6 JlAll 
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«1M 



([21-6] Pagano jjlf.li cfi) ^ t xz jJu :19~6 JS24I 




([21-6] Pagano jlleL <j&) 4£U«ji ^ u jJu :20-6 JiuJi 



<j jlLoj <ajLui]l ojiill n -^. l 

Aj ^Ic. .^jLjajxjl w u^]l dlljijlj 4-1A&I ^Ic. ^ jj .AjAllilll 
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.AijjJa 4 -IaAI Cljlj <j-aU 4_i£jau> 3^ (j-a (jlS 4 l)^ 

(j-aall C!j 1 jijllil jli^VI 3^ (j* j CIjIjjILq J] 4_iC.^)i]l 

. 4-olc. ClAa2aH SJJixJ-o ^jlsj-sa (J^.1 (j-Q tillij 6 


A ja qa 4-C- j) \i.*~xA ^jllx-a ^^3 t ^jl_iJa^)x]l (j-a&II dll^jjjlj 4 _^JI_x-g 0* iVn'll 

”6] J [26-6] J) AjAililll A-IaIxII jjVI q -a ^llJ <ELa1a 

^Jj ^UaII 4jj^\j jl^-Q ^JA kc. j'u^aII (^XLiaa] (^ JUJ .[27 

ojjjtiLo <^JI*_aj [29-6] (JIjU .[28-6] 

£-a A kh^siA 4_1ujJJ^)11 oJLaII CIiIaL^j! ^jjSj 0' n*\ ^liall dilala^j £a ^)iallLa 

oJ-lallA ^jl^x-a (Jaiou] [30 6] JJ 

.^IjJuC. A_i^. JJ dilj ^liall Ajj!>Ij Cjlil5j £-q pallid 3^^ 0*iU;)*i'l 


^ Uj>jJ *[31 6] ^JJ)‘u'ai 1 US t AJjujLiuJ V ^ ^jutaLia ^ Ht*l 

CjUUjI (j_jSj 0* n*\ ^lioll Ajj^ylj CjIS15j 0lili S^JallLa A j'^Ja A -\)k>.s-i Vjt 

(jLxijV^ ^glc- (Jjj-a^Jl (j£-aJ .<^iix-a]l ^jjL^a £-o AA iaj-sa-o L^_i3 o^LaII 

(2.15) 4LU-JI ^ US ^li*5l Aj££ 3l*fcl -i**yi cA&U <> ^Lja jx\\ 


£^ - 


-M 


G - C U £ x C 23 £ y 


"33 


(6.26) 


t K th <i2a]l 3^ (j-a 3Uijl — d^kz. {j a £ z L V wl 3^*-^-^ (j] jS-aJ J 


^v" 


"fill 

012 

0 

0 

0 ' 





02 

022 

0 

0 

0 


s 


= 

0 

0 

044 

0 

0 



r xz 


0 

0 

0 

055 

0 


7*z 

V 

k 

0 

0 

0 

0 

066 _ 

& 

/xy_ 


(6.27) 
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: ^m\ (J v Ijj Clli 


Q„ = 


c n c ,, 

C'j —,if i,j = 1,2 

c 33 

c„,/f /,./' = 4,5,6 


(6.28) 


r = 


T = 


[e* 5 f(z) + a«]O i (x,j) 

[ 6 !£(z ) + a«]® y (*,.y) 


(6.29) 


Q.gg j ££-2 . .4-iiLlall A ^ ^ u*n j f^Z") = jF ( — Z^) Cl 

C5 Ai J Jl j ^jU A ^ >. 3^ x a) ^.Ic. CljljLg^j ^J£)Cn C* n^. (j^ljall -laj^ai 

.<a±Lail 4_if21 ^ ^ic- o^aL uix> J [jf I, '■ /.-, ]l = f j ■ /.-| J = 0] 

La£ c (Jlxijl - 1 t^y& ^-saall CllVl*-^ LS^ 1 


k 

r xz = 


k 

Y yx = 


f (z) + 


f(z) + 


k 

3^55 


Q 


k 

344 


Q 


O. 


0 , 


(6.30) 


<jl ^al^pal ,(2.2) aJcIx-aII ,z AjjouIIj (JLxijl - a^L*J a_i!axj 


’Cijj J , oJ*jj V 


i/ A = -zw’, t +[./(z)+ g A (z)jo v 

v A =-zw,y+[j(z)+g k 2 (z)]s>Y 


(6.31) 


543 


j(z)= Jf(z )dz 


k 



k 




(6.32) 


cdjLajiali j)J-iau 11 Ale- V j U _jl __^-0 l1uj1 j (.* Uai*\ 

jj 

L_lJjudJj .A j'q O-ill A -Lajoi j$\ Aic. Vj U Q* ( »** Ja^)di 

<J jA La£ tZ — 1 ^jljjfL V Vj U <jl f r . di'ij 4 (T) J (T) t>® 

^ Y X 

<1j\_*-a]I ;^jLxijL djla^lc. djls^lc. ^ic. ^jj 

c!Ajukc-j 4 (6.22) tJLxijl - ^L^jVl ciala^lc. Jl^ilujl dl]jj 4 (6.27) 

:(6.31) t^UjjVl 


Mi = _ Ai l <Vu +A i m V>> + (Ai +W„i) 0,, +{A: + ^i:.') c ^ 1 .1 

M, = — A: 1 * *» — A»m ’it + (^’u ■*" ^i.'i )<t> A - 1 + (A: "*" ) ®i.. r (6. 33 ) 

A/„. =-21K^,Ml„. +H,J^ r+ (F„ + H„ : }* r , 


i j <*jLoi]I g.1. w iVl S»U*i> Clj^LaLx-a Dij d 

F ij = f , /2 Q \ zJ (z)dz 67 = 1,2,6 

^ = C Q 5^*( Z )* /=1 ’ 2 


(6.34) 




e.v = L<^=^ 

Qx=^/jz = K 55 ® x 


(6.35) 
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i = 4,5 (6.36) 


k 


) - a }/- 


(jjl JJ CJ^AjUA (jj£j J 


M x , x + M xyy -Q x =0 
M xy , x + M yy -Q y =0 


(6.37) 


Qx,x + Qy,y + P + N x W ’x 


+2N xy w,x y +N y w, yy = 0 




A \ W ’xxx + (D]2 + 2D 6 6 )vi’, w (A 1 + //, i , )0 XjXX (F 66 + /7 66| )0 Xil . l , 

- (F 12 + F 66 + /7| 22 + 7/ 662 )0 v ^ + i^ 55 0 = 0 

(A 2 + 2Z7 66 )w, xxy +.D 22 >v, w ,+(/ 7 12 + i^g + // 121 + H 66 ^fl> xxy (6.38) 

+ (Af, + + (A>2 + H 22 lY^ y,vv + A,4® y = 0 

AAA* + ^ 44 (I) l ,v + /? + N x w, xx +2N xy w, xy +N y w, yy = 0 


o^jLxll . AQjm O.AA CllV Aj^JI 

Ja^ioi jl 6 ^ 4 jqJV^ ^)j£l L5^ 4 cJ^ ^ LS^ 

* 

ojill iJ’W\) q u‘jjl j (Jjall (*3^ J ® (j^ j<a>* i J\i A AiL^JI 

jl AiL^. (J^ia LS^" -Ja ^jl_J tillj J 


Q n =0V w = 0 M lt =0ji w„= 0 M llt =0j' 


=0 (6.39) 
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.^Jl jail ^ Ac . 4 - 3^11 ls - ^ ( jjaL ^ jV ! tj n *»“ \)^ 

<xjJaL^JI j ^I.YujjVI A U'.-mj A \ iWnna CjLlilnll oJiAatllo A^. iix-a J*i t> 

-JJ* LS^ u '^J C ' C - l 4 ^ 


. mm . nm 


p = p Q sin sin 


b 


( 6 . 40 ) 


jllljj-Jlj r-ljJ>j v iM Cln 


, . mm . nm 
w = ^ 4 sin sin — — 


_ „ mm . nm 

O, = B cos sin — — 


. mm nm 
O = C sin cos — — 


( 6 . 41 ) 


Jaj^jjaAl < 5 Aj 


M = v,l =o =w = 0 J* x = 0 ,a 


M y = M ' z | z = 0 = W=0 ^ y=®,b 


( 6 . 42 ) 


A,x AvK Lu^aj [ 21 - 6 ] <jl 4 < 3 j^a]I 0 jll 3 ^)jjLuj 1 6 ^! 


m = 1-4 


-|2 


( 6 . 43 ) 


^l\ju<il\ (j-G A-llllll A^- ^lll <1 £jouA1 J-gI£ t^aJ ^j-Q j 

iCj B tA cj -° aAa ! jp-ftll aj ^ i^JI 
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[D n m 2 +(D n + 2D 66 )n 2 R 2 


17171 


A 


/ \ 7 r \ 7 7 K„R 2 S 2 

{F u +H m )m 2 + {F 66 + H m )n 2 R 2 + " 


7T 


5 


(6.44) 


“(^12 +F 66 + H \22 + H 662 )mtlRC - 0 


[{D n +2D 66 )m 2 + D 22 n 2 R~ 


httR 


a 


A ~ i F m + F 6 6 + H m + H 66i )mnRB 


(^66 + H 662 )m~ + (F 22 +H 222 )n~R~ + ■ 44 


n 


C = 0 


K 55 mB + K 44 nRC = ^ 
n 


S = a/t j R = a/b 


djlj 'A^jU.1 ILq 4 "V ji ‘ .a (6*44) ^alii 

J-aa. 1 Vi Cll^l JC.— ^ [0° /90° /90° /0°] l 3^J 4-Jla.aia CllslSj £-}J\ 

ajU w .^ i .[30-6] = Po sin( 7 ix/a) sin( 7 iy/a) 2i!Uli 

.OC-Lud^JI A-lllc. dusl^jc. — ^4j V i ' IsaIj 


f 

— L = 40 
£ 2 




v 12 = 0.25 


i,JjLLq JIxAjI — cj-° 21 - 6 (J5 xjj11 ^3 

^jl jj-uaiVI c-l WlVl (j-iJ LaJ Liix-aj LqLqj <^Lou> ill J^x^lll 

.17-6 (J^a'l ^^-3 'ill j^-rVil! Ajjilj J (3^^ 
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12 



JiAII Ajuja p 0 sin (7ix/a) sin(7iy/a) uiaJ <JI ja JVt :21-6 

Whitney jc-— u** cjISISj £jj ljI j SjJaUi* 

([30-6] 


^_Ljj 1 (Jlxijl — 2^ o^jjoiLia 22 - 6 2^-*~2^ (j^ 

2^ [30“6] 4-21 C5^W^ ^ i *— 2^ 

4j^)iaj 2^* 2^ a *21 ^r.x^'n .A-j.^jVq * \W ^iij^aLill 4j^iaj 2^* j 4_j j.2]l 

. 2^1 (j -0 .li^. jA 


4_al_^. ^jc. a£Luu 21 (j-^3 ^jj! Ai^. 2^ c3^2 ^ ‘2^ 4_jl ls^” 

4Jj1_3ca 1] 4_^jl2ui 4 JjL*-g <_j-g .4j j^)-<21 2^* £-° 23 - 6 2^ *‘21 -LaJ^)221 

CiS^ A jus ^Jajoil^J Xxy J CJy J Ox 0-^21 Cj C_jLui^. ^aJ Ijj c 6»43 

2^ J 4J^*-2I 2^' — (_j-£a21 Aj^)iaj (jjj 3^ J-^ 2 X ^ > ^ L5^ 2j J> - 0 ^ k ^ ^jAic. t4_jj^)-«21 

•23 - 6 2^2' ^ L*£ c<j j>21 
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(j«» (jjjjJLwaLa (jaaSlSj j 4JLja3l ^jJUj Ljj*i tiijaJ :22-6 JiuJl 

iCjaJj ( _ r uj£jjV! 


([30-6] Whitney o&) p Q sin (rcx/a) 
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uiljaJI Jjla ^ <j^ill jI^aJ £jjj :23~6 

ojlil o^) a/t =4 £a p 0 sin (jix/a) uiaj c ^\ <> AiJalt 

([31-6] Whitney Ashton 


A^JIjca] ^5L^llLujj £j\jj (J-aC. [32-6] ^13 

^aUajll A-iSlc- .[33-6] ASU-i*u*iVI j (JJJ 

Ajc. CjULjjVI j Xxy J CJy j Qx A C1jIx3jj i> _ 5 Ac. J*l l> 

(J-axiiuil *[34—6] AjJai^-Lo A^Lajoi j u*n 

^-saall (JLxajl cl iI^jjjIj q±ajJslA c!jVcI*-a1I ^j-q ALaiLo <c,jAy* ^LilCiV (vsristionsl^ 
jLla ^13 t^lli^Jl -[34—6] 0^)iaLlLall C* ll $\h\\ oCCjCLq ^9 ^jljJa^}x]l 

.[36-6] ^jLja^)x3l (Jlxijl ci: il^jjjln] aii^JL*-a 


550 


S jlaUlall jjC- (tjILaII 4-aJlauaJl Jx j JlLyjVI 7.6 


?4^J1_jla]I Axj AjIaC. (JjLk a^jJol V'iaII ^jjC. 4 jq^ll ^jl^x-all (JxiL L 

(_$l J ^a^C. ^Jl l^}iiij 4^jl_aj^all 4 4_iiL±L^I ^jlaj-£a]l <Jal_uUJ (J jLlij Lijl J^i'sV 

<jl ^9 (Jljj-iill 11 a (Jja ^^ia Cy 3 ^. j^^ll ^Ic. .Vuj.ia ^1 jl ^,^>j'il ^>ja 

4 ^ L-> \ i ^ Q > ^->\ 1 \ 4 *^ 1 Q A i o l pn l ^jri. j» Q n O^^jLiIaII 4 /Q^l»t\ i ^ ^ Q k -^1 \ i 

n^l ^C- ~ 1 j)A fi^)iaLllA 4 ^jlsj^a j)A p^C. ^^9 JUJI ^A Ia£ t o^)Ja\.nA\l 

.24-6 JL5B ^ 


il^J L_JjC.^)A ^JC- Igjl ^Ic. _J40 (jjl^Ul fiAA J] La IJlfi- j 

(J^OXJ ^9 l^J L_J^C.^)A .1j3U .1^. 0 Jij4a (jl (j^AJ 4i_i£^JI ^9 Ig \^\\ 

Clili 4 j'^J-a 4 •sjqo^i Jj jjLj^Vl i IVWl.^. cilli ^,l\"nj .ApjlLojVI il q nJ-i ill 

(jl l.nlc. r^j 4 . 4 \]^uia 4, )4^3-a 4,*\jqj>«o l ‘n^L^. (jA ^jj£I (Jj 9 jl (jjxA 

. S^IsLiIaII ^y£- ^ kj'j- 4 _^JL*_a]I 4_ii2all ^jLlx-sail 4 VsaaII (JI£j>aV 1 (jC- (_£^)^lij 



Hyer jjLa (j c-) 3 Jixla SjJaUIa jjc- AjaJs gJl iu^l 4%1U all juu JlLuil 24- 6 JIaIII 


([37-6] 
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(JLoxjjjjIj j!1uaa S^lal TaII ^JJC- Ajiulall A Cllijj (Jl^. ^3 

^_lc.l Aic- 1 “S.3-1 XJ. ia (j 4 (AxjLa]1 aJL^JI) A_^JIxa]1 Aj\aC- *Ij3 (JU1a] 1 4_3_iAjoj 

o jii aJIj)I IaA^C. 4(JL^. AjI ^Ic- ' 25 — 6 cJ^aaiII ^3 Ia£ 4A_^JIxa S^l^2k A_2hjJ 

* 

JILaI .ikl ^Ac. o^JaLiiAll AjQ iJ-ali A^-iix^all ^jli A_^JLxa11 AjIaC- ^xj 

c-IjjI ojm.A AjjI ^ aj^jc-j l£ LS^] ^ ^xjj *^ ajtakLA ^^ (J^xaiII ^iC. 

A^IILa]! AjJ^pJl diljl^^yi 4-ifudjj ^Jc-VI A_^JLxa 1I 6^)1 A_^jJ (JA «lj^)jj]| Aj\aC- 

. ((_£^)1^)^J1 ^jC- Aa±la (,j£ ^^3 A_liaiLi]l 


ClilA ^ialliA ^C- A_ALiLa A^dix^al 0 ]Ixa]1 (J^ dli\\ (jl ^^3 ^JjVt aJsi^.^Ia 11 4.” l\Vi 
^^juj J£ja ^ Ic - Qj \\ t.n Igii ^.3 j!ij .33 lijj ^ 4 A-ijl jiajoil <jj£j LJlc- aJL-^Ia ClilslSj 

<j^AJ CjLujj^ill (jl (j^Aj) Aj.\)'^' 1 ^-iix-aiili Aj^)Jaj Jj ^IiLaVIj (3j 1 jjl ^il^A ^JaS) 

•(- K x = KyJ Kx = -Ky oj£ d 


(a<L^\1} AJjIIa LaA <J ^l 3 ) Ij Uaj'i A^iajoi A_iiLia 4 ^ )q».^a ^jl 

. 4_J 25-6 Ia£ Aj*JIxaII Aj\ax 1 l^-C- 3 xj (J£joi 3^1j 4_fi^joi 

.(4.15) aUxaJI ^ a 2L2! djl^jLoiyi l-s^)xj o3A ^^3 J 


25-6 Ia£ c > v^^a cJl^ »l WiVl ^ x^ijl ^aJJ 

AiiS^j A A^-iSj-sa c^W'a'uaj j . (^jl^ll ^3 La£ (JijuiVi *». i>^aI 1 ^jC- LiJa^C.) 

^ 25-6 (_^-3 1a£ tlj^jlj Ujl jIlja! ^1£joi (a£IaxJLj aj^ILq 

IaAIc. 4 A liAAiA A-iji AjjjWI A j'q A_^_iix-a]l CllljL^. <jj . J 25 - 6j 

Ky = 0) ^ ^ja IaIaj ^jauia Ax 3^)3 Cljjj-a ^xa 4.** vWjajj 

, l> £x1L o^xJ! j (k x , 0= -Ky) — s 3alj>Ail JAJdl J) (+ Kx , 
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jjIA (jC-) AuJLuSlLj Cjlilij Cj)J SjIaUla jjC- 4j LlL ^JLL^ JlLuiS :25 — 6 

([38-6] Hyer 

jl V>J ^li-a j i ^jl 1 1^-iS .1^.1 jJJ (jl L_1^J Qli 

^C. 4 \k\h <^_iix-£a] ^Lja^ptJl L_JJ^L ^15 .[38 - 6] .1^.1 jJJ 

dilalsj dili S^JalHo 




(6.45) 


i_$ jluuill djLa.LijjV I (_ji Jjal _ja 1I c—yjaiH 


,23 


,/ \ a'x' abxy 

it (x, v) = ex - 

v°(x,y)=dy- 


6 4 

b 2 y 3 abx 2 y 


(6.46) 
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oAA Ia£ CliVljt-ijl (J ^.1 (jA aJaIxa <J£ cLAlAlIj ^jUllI (jlA^Jl (j^fL? *>“ \ t vs 

aAA (Jja ^a A^.jj (jl <_j^a^ ^Ull sl^^-jVl ^a-iill c_jj^j ^jc. lL^\jl$j$\ 

<C.l ; u«ol A_iiAjJa]l A j Ujj'iII l^j^txiji £-a Cll V IaAjV 1 oAA ^)jl_A . A Ji All ^-jIsa^]I 

(j^ljjll aL^jV IjAAC- A_^jLill CIiVaIxaII (J^jj .A-iiLla A AgaI^II AjKll AJjUa]l 

( JA (T300-5208) A j‘4 lJ-a ^jlix-a J^.1 ^ja i^UAj cIa jI^Jjuj! ^aAC. jl LAjI^LujI 

:aAA\ , ^aaJI Cjlj i 1 nal jc. ~ ^jjaiS jjjVI 

El = 26.2 x 10 6 psi (181 GPa) E 2 = 1.49 x 10 6 psi (10.3 GPa) 

V 12 = 0.28 G 12 = 1 .04 x 10 6 psi (7.2 GPa) 

<xi = -0.059 x 10‘ 6 /°F (-0.106 x 10’ 6 /°C) 
a 2 = 14.2 x 10‘ 6 /°F (25.6 x 10‘ 6 /°C) 


a_^.ja cIja^j (177°C) 350 °F a_^ja ajc. a ^jU^'I cii^Jjc. 

.(21°C) 70 °F fcjilUJj* 

Aaj^ja A_iiLia A oAjAc. L_ljl^^ (Jl^LaV ^JjIa 26 - 6 (J^Al ^)g,A-ij 

l A Ag a CIjVI-^ CIlAj A^.jj .[0?/902 ]t A_iiLia A_^_iix-a (J^.1 (j-o ^(_pa^)*AI = (J j^Jall) 


(jLa clA^. A^iaajj A_iiLla A (J^l (jA (_^1 cAajAxa A_njl_^JI Clljl^ (JL^. (1) 

LoAiC- .(l = b C* Ky~“bj Kx~B. £A S A.JaVAl Aj£> 1a^^.^Q (J^A« 

4A£Iajuj (Jal A_iiLi]a]l A -\\k>>s-i\\ di^-jj-sai IaI£ (_$\ t A pi All A ^ \kt.^i\\ A_njL^Jl (J!_^JaVl aIa^J 
£C, U^lJ (J£jo 1 (jl iJ?\ (_^j£i]l ^-Laljl (j£J cIa^^-^ 0 (^-n ^^-*-21 (jli 

.1 Lac. (JSI 

A_^_iix-all QJ^ IaAjC- (_$\ cc_fll£ 6^)\k.x*r* iLulaJ Jl jWI CiilS JU ^ (2) 
£-0 ST AiC- 26“6 (J^ A1 ^^3 Ia£ clAj^J (J£jo 1 A^kjJ (J^ A A^IAjoJ 
.A_ijjL^J 1 (Jl ^iaVl CjAlAjl LaI^ l^C-Laiji Aj^LolIa CliLuj^j 

JUiiVI (J^ ul^ tA_njoii]l Ajq)3-»H A ^jqx^ill a£L<ujj Aajxj *^ Cr (3) 

Jl£2il aj^Ij tilliA j^Jl J jiaSI (jja Ajl ^1 ^T AJaiill a^ (Trifurcate) J^A 3 
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(2) (1J :Ai^>*Jl 4_^^p .lie. ^11 ‘A.Lu^-q 

aJA jj t> ,K y = -Kj K x =0 £-* gjl jLJ)l\ JSJJI ( 3 )j K x = +K j K y =0 

.35mm JjJaJI ^yLi .[02/902 ]t ^ 



ijj* A-^jJ .lie- Cj^I jp— ^ ui£jjjVI (j* Ajuj-4 4_iLlL JlLuil : 26 — 6 

([38-6] Hyer jjU o&) 4i>J! 

La£ tT3 j T2 j T1 iT A-iioiLoiVi AJakjll (jjl jiill ci2)Lj£jau] aj!^1 

.26-6 JL5B ^ 

^jLs till 21 tdulj 12 a o^lj cSX cJ^-11 ^a T2 

4_aj 3 XI ^^ill c*\\.dj ,a^±uiA l_gjl ^gJj l^)liij ^Ljjjill (J^Jl <_^A j^)ill 

L 2)-° % 50 ^£1 L dijl^ <J L^. ^ .Ky — j AjjlLo k x — ! ^>^1 
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\ A_aj 3 Lu^ajj K x 1 Aaj 3 tilld XI aAI.i]I A jQ \h\\ A ^ )kt.^i\\ ^jli 

^g-jl j)3^»j>a)V1 J<; t.'a\\ T3 ^^Ail ^Wiai i(3^^9 *W^^ J 1-^1 jjJ^ax J ol^ ^AilAl ^Ky 

A_^_iix-ali (J^la (JL^. (_£-S cAUA j 4 K X 1 Lu^)Aj A_aj.1xa Aaj 3 j Ky 1 

A^_iix-a £_ix-aj <jl J^aj cA_iiiL^Al .L ^^)^A1 (J ^lall (3 -0 %50 J \-Ujfii A_ALla]l 

^a^C- ^ja o^)ja ksi Aja^I JaJjaull J^AiLalAlj X3 XI £-^)All (j-° ^ j‘4j>3-a 

^1 .WdAjj + K x jAajoiVl J^dll ^Ic- M x (_£ I tLujjij oL^jVI ^ c-li^jVl 

. XI ^^All t^\ X3 ^-^All Cj -° 1 •sj's.x-o (JAAaII (jjh^ . ^ ! cilxjlx-ai 


A )Q \h A -\ \ht.s ’ i 100mm (J^.! <_ja A-joiIAa!! dlLujj£AI 26 - 6 (J^'Iill ^ida^j 

(J^-l (j-a aAIxa 150mm A S^dc- ^^.jj Wu (J£ A^Ixa 

(j^AJ l a£ cJaia A_ia£]I A_j^)liL<AI <j^£j J . ^A uiaH (_£^>dVl £-g JajoijOA]l 

Jj Ajjdllj 1 ^gij-a j\\ J^l JO 11 ^)JJ*J 4 (JL^. Ajl ^^Ac- * A-J (J^.1 (j-° W*- 3 jA 

. JUi^V! Aad 


t26 - 6 (J^dll ^9 ciili ^_ja A^Iajoi ^)A£I A_iiLla A r\\' e Us-i (J^.1 (j* 

IjjLaa ^-^^Al (j^fLl C(JIAa1I (Jj^au ^^Ac-j . ^)i_i-al dlLujjijAlIj ^)A£1 ^^)^A1 

aj^jIj ajAc. ^jl£ La icdlj ^^^Ac- 6 j^c- .[0 4 /90 4 ]t 4_^_iix^a J^.1 ^ja VI mm 

cJ^i l$J ajAc. ^ u.roj [0 2 /90 2 ]t A_ii±lall a (J^.1 ^ja 50mm ^jc. A_ijl jAa^l 

.[38-6] 


Ajq^J-all ^Alaj-all fijjoU 'lui L <a\-^ L Vq'i C5^ ^^AaLxAI 4j^)Aai]l j^jjA^a ^jj 

Aj^Aaill oAa ^lujjiL (Hyer) A_A1 a^aII djlsls^ll cijlA s^ialilA^^Ul 

4 ^Q ^ 1— > ^ 4 Q i ^ ^ \ a l ^ \ \ A \ 1 A9\ i n i ^S^liA O^jAlAI 4 ^ ^ j A ^ ^ ^ O^ 3 ^ Aj AxJ 


. oA wa ciiLuj ji dil A 


a,j nj\l cj| jjjUit 8-6 


oLi^. o^)Aa (_^uaj (JsVl -A^-<A1 ^j«^A ^jl c > i-^j tl_gA ^da^xAll ^^-Inll 

^a*A1j Aj^ia^}!] ^_jJa^)xlAl AjA^aII dlllnll ^jJaxJ ^jAjJalii .1 g,'^.A ^gAll AjdlAAll ^1 jaII 

AjajJsja Jl) ^Jlxll dll^jliAl^ A, j^ jl^^j^Al Jjl jxJlj dll^jjlAall ^AaIIj ^-IaIIj 
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Ajjj CjI jjjIj g-aJ AiLjaVl-J cA^JjoiVt i—ijIAa j J jlill J .\u^l ^Ij 

. g-liJ-aqll 

djbtL<Jl j a^Lui^JI O^LaLaa s-LaIIj ^a*J 1 jl Aj^I 3 .^ L ^ 

AJIjij A j\aC. Jxj A. llx-aVl ^-ajL-sa^JI ^I^^jOjujI ^aJJ C(JL^. AjI *(39 — 6) FNGCl (jJJ La£ 

c > 1 u^j Ail £-aj ^iIaIIj Aic. ^jj)^>x,ll Ajudij (J^sixa .l^jjj . c QjqVAl jl $.L<i]l 

jUll .AajI*_I1 CjI jliJI j 4 j^jlj jju^-11 Jjl jjuJI j Cljl^)jUa]l ^j3jj ^Lq .la. ^Jl 

L_l^Jj i&\j^\\ Clil^jUall .^jjalj jjjJa Clili A-LujIS AjIij 

^Ac. (J^C-ljj-a]i CJjljVO fcl^aA ^aJ Aj-uLud^. jl^A ^JA l_£jl_ij ^a^C- j 

^a jj'ia'VI ^gjlfr .^Joi£ Jjjl— Clnal^xJl j — 1 j A_l^.La.^l! J ^J^A^l 

— Alila A_iaJajuj dlLa^ic. A_i^.l_a.^ll L qIj\V 1 dl^Jal j i^Lila l^)^)jJa 

Aj^)*j nal^xll ^^Jal J ‘-" A ^Jall (Jj-saSj dllc-liaSI j Clllc. Ax-alill A 

aJ^joiI^j ^.IaII \ Aa ^jjj .^^a.1 (J^LaI Aa j'\x> Lji j 

^j.ojqV'i (j^AJj .AjJai^JLcAl j A-JUI (Jjj ^ jljpJ ^^ill SjLg AjjIUI A_jjIj^)^ 11 A_ilal_lll 
A-iaJajJl CllU^Ua]! aAsjujI^j AjjIj^^I A_ilaUll 6 jIj j ^ja Ja^^Lo oAA 

. i^I^LujV^ dj\,^ u*jj_j 1 ^jjlaj ^JAa 

^ mil (jA Li a£ l^Jialjj tAjc.^ill clAJI ^jI ^Laii £ J “‘ a 

:[40-6] 

c** i Vi aJT (• 

.Jajljj]! Ajtlaj JajljAll (j^«^Aa Aijix-saxi ~c. <aj' Ajn A1 

t_j j \ ^ jAjj l^A] 1 ^.LJl I^Ia cJStlU AjjjolaII Aij)Qj.«o,<a\l AjJ^Sj ^C1j 

A_^.^Jj L^IijllLa j Aijq^^a^H (J-gL*-a1 A^.^111 Aj^aII A j» j^iJ-ill AjjuLAI ^C!j 

.6 

.Aj^la^J 6^1 

(J 1988 ^Ic- (JLac.!)U aaaIaII (jl jjVI (A>-° AAjudLoi SprinQGr ^jaiLill 

.[41-6] djl4>A AjvIj lA^joijj Ajlnll CjIjjjUII 
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3 \ ^a ^3 j A_lll_*Jl <JjIa^)]l ^jjjlj <Luj|^p ^aJ 

— 6] (_5-^Hj.J (jl-AxjJ^A^ £±U^\^y (_}iS ^j-o CJi 4 _j£^)a]1 jI^aII 4_5-2j 

^)Jal ^^'il j j^iill j ^lijJ^M CIjIAaja^ ^juV^ .lj.lxll Aj^Ia^ll ^)-aL-aliAi \ Ua \ .[42 


CjUj^^JI CjliUjdAll o^Ljj (jc. ©jIac- a2ac.j . Jl£ijl — 

c > iuu'i ^Ljjj^C. 4_AaC. 4 jIax,!' o^A .4 _uj^^J1 ^3 jLpjl 4_1 a ^cjuj Iaa 


^)^}A<a]l J n»J .(^3^*3 0^)1^)^ Aic. <aL-^aall <Jjia^)ll 

JIajcLjjIj ^4jpjl (Jx3J -JaSS Luj^. <Luj^^C- 4_iIaC. 4i^ij-£aA ~L $14' mil ^JajuilLj 

J ^\\ tTg i Jliiijl - rt-^. j!ill ^j] 


Il£l^)^.! 


(J*! JLj t(_jjjls J1C- ^JaUaA ^a-ui^. ^y j15 (... ^j.j.i*s ^ja _jjaj1_^a31 IaAaC. 

.lie. (3-^^ l^A (Jj-a^_j V ^3 .iillaSI j oe-Lui^JI ^3 (_j-a3ljj £a 


Cj o^A (Jja \u*i'Vij c." il (_ja (_£.1a ^_jAjJa LajIj to AWa 

oJIa ^3 ^j^^aII lgj\c. ^jaj^J ^lill (_j-ajL«£a^Ji (jj£j (j\j <3^j-aAl] 

^ya^C. .IjjIj (JsVl L <aj \\\ 1 gj\c (jAjgJ ^A\ <j^£j U^ 1 t ^JaaI^J ^ja 4_j£^)a 


4_jL Ui ^jlaj-sJI a£Iajuj ^yc. A ».^\aa\\ <jjia^)31 1 " il j'^'^ ^^Jujjj (jIajujjA j ^iij jl^)j 

AJ1^£ Aisl^All Aj^j'll ^SJaII ^a AS - 350 1 — 5 ( - 5“ UJ ^3ry] — c -' > \)°^ J)^ 


CljVljtijl c > ih/i J&\ Ajnjti cW j*J1 CjIjjjIj j ^jlLj cJ^ L^-J*^ 

.[43-6] djl_a2all Sja*Ha j djlsl^^jl Cy* t aJ\ 3^'uJ 

pLJI jULj ^jc. ^.121 <3jqx^iAli ^liiiilj ij )\ ^lijjl (Ja1^*J1 oAA (Jja 
J^ajj CjIc-Uljj! c > \ya") ^jl .^_*-£3 Jaa]I C1j 1^-*A] ^^.liAli JAxulljl 

SjIaII i^ya . j l)*-^ t(Jl^. AjI C5^ ^ajlx^TN ^3 <a^j-aAll 

til£ c > \y*i\ ^jj .AjjjjJl <j1,Vu^V1 ^■UlajVI j CjIjjjIj Ja^3 L^Jlc. j t<jjlj 

Ljajl IaIS Ia£ ,o_^joiUa JAxull ^ja ^LiSI ^IjujVI ^aJ c^lxdiVi (jJJ^jAUall 

j ,n» j j .s-li^jVI j tljljjl jj Aijaj-saAll ^liii! jiilj jj'vij 

^j-^sIjj ^liaiVt A K j.1'ia1 oJuLq <11^. <3jqx^AH ^jc. 

o^A ^Iqjj j Cjlg.\.Wil o^ljjj ^\jl±^\ CjV^a^. 

.<j£^a! 1 (JjlVi ^3 cilli ^Jj oLqjVI A : iaaIj CjI jijllill 
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jI jJt ^ (galvanic corrosion) JStill ^ jj 

(jjl*-aji) — did! j*3i ^3 dual^)x]l ^jjj (Jc-liill] A. y 

C X»Vl -g ^JaII 3V _JI J^*\ j m a \\ ^ Jll (Jja ^A_jj 

J£juoJ Jfr ^JjUaT^I jSfc* .AjJaJI J . ^Jl . . ^a jjJjj^'I A_iiJ^)J]l 

. ^JjUaSVI j)A l >" ijjm'l ^c.l^)j 1 *j^*jj (3i^J (jl jj^Aj 4 I.J t(Cj oal^xll Jld V £J^>juj 
(JLga!1ujI C > iK'l ^3 4 ^Ja*JI IajI.} j)£J (J^ll <jA^j 4 jlaliJI c > nV'il j 

ilx-o dnal^xll j ^ juaIVI Jl aJ_^JI JLa. Jj ‘A-mll J 1 *-g (* j/iaIVI j dnal^)*]l 

n Vi (j^AJj .( L ^la $.Lg JjLk j)A ^)Laa J Iaj^ ^)jjL<u]I jLaLiA (J£ c > v^j 

. ^ jjUlVl j dual jxJI Lo Aialj ^jc. A_L^l.ilG dlja ^_iJaj <Jjld ^j-o ^JaIII 

IaJJ jl 4^a Jjjtlilll j)A A J^JiI^JaH dimlll ^J.I^)J j)Jj (jl i>j 4 till j Jc. ® Jlx. 

^aj>) *^\yi j)A djull ^C-I^)J j)A LlAJ Jc-I LaA^I^j 4 1 .‘U*a\l j\ a^iaII 2^j]l 

JalidA A_ml V^a F — 16 SjUall ^^3 JiaVI j)\ JdiVI jmj . ajjaJI^IIj ^ju J ll 

AjUojjH j AjjLlSI dual jc. - ^gjai^jjuVI JJia J^aa J .^jdall j dual J. - ^^j^jjjVI <ja 
A d J odu£l iSd^C. <" )\ Q J A_lajujl .Ix^aII ^aj) UaIVI (jA JllA L_lia] JaI£]I (J^Axll j)A 

4A_AJj£ SjIa C^^^joi^^JjVI J ^>jJa (JjLoJI 6 jC- J L$'- L ^ 6 f. 

til]i Axj ^jj . dual I S^jjla Jc. ^-L^. j — ^^juj^^jjI (jlLoa Ijj^Ij 

.A-gjj£ SjLg ^a A_uJax-o A_jlda Aj^V J c*’ n{ { i ^Ji-I^J A-laj-ul^J Ix-o ^-^<l^-a]I ^daj 

AjJ Aj^jldill ^Idaall ulk^x ^ tilL (Jj-g ^.ldaa]l ^a A_j^^a1I ^I^aII (_jia^)*d 

t^)AAd]l AjLJOll ^^)ld J j}AjJa ^)AJ 1-g-jV Ajjl J^JI djj^llj ddill J Jll j)A 
JaI j*J! fiAA dl^)jj\j j)AjJajj .dljjjj^JI j dlijjS^lV! Aju^I j A_i^jjiiJI (jj AxjaVI 
j)A ^Jj^JI (j j J Adaidlo dlj£^)A]l aj^Aj dljliJI J J]l c > iujjj ^1^ !A_ilnll 

A^gIa dl^jjxj AjjIj^JI djj^ll nd'i j)l (J^aj ^2^ tdl^iAi]^]! (Jja dlaj^j.^i^ll jl ^a 
^-I xdVI \uxj (3)j iAdlda^ll dLJ4nll Jlg AjoiLol^. dl jjg -d ^IjuVI J 

. Ig.nj c_i]Ldill jj^jd j ^iaJ J l JjojLuj Ja3 JLq A^ualVdll dl^)jjtill Jj I Jd jjda]l 
_jl JLjjI j oc-LaJIj a jLuikSI j jlgj-ajV! cs^j dil JjIjII o^a j 

.dl^iJJI jUul 
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9.6 


4_j£^)a jl^A (j-Q ^ ju^^all £jLui ]1 (_£ ^mll 4x3ji]l ^jj-saic. (Jj\Vi ^.ic. cJ - **-!! ^jnatj 

; s # 

^9 uljjkill 4 j^}1 _^a !1 CjLaaLuiaII ^}£jj <> . 1 p> LxjoiI^ 

^)LIj j jjuanj £-jjJ J] CjlaJall dJ« 1 xja £jjl j£I 1 J jVl (j>i3M £_>jj .^jl&j^all 

^Ixpjl A^LjaVl ^J)g >H ^j-ojJajj . [36 - 6] (jIjIa^joiJ^IpaI ^ 3* J [44 - 6] 

Sl^Loll djLaila]l oPAxIa ^x3l^]l ^ [45-6] ^A ^5 ^jjjoiJ (Jj 3 dal ^ ^ J-a \ 1 SPPxja ^xSl^ll 

- [46 6] Jp» l)^ l>* Lij£ j-*V 
dlliuJall oJ^xia ^x3i jill ^\ jl ±^ A-j.^jlVi J jla> ^Ic. (j 1 -C«^^a j 
4^ .[47-6] ^_>u-qL^J 1 Jj-£iall ^9 ^^aaII c_j^LaiVl (3^j Ia^IJpaI (J^Luiaj 

.Ax^i jill dlj (JaIxa (JjIaa ^_ujLuj 1 ^xnla PJ^jjjl ajjju ^Ixijl dV ja^n 

_jl jj^Vl dldjj j ^IxjjVI dVjA^. ^ ^UUVujjVI j c-lidVl (Jjj cjl^V^ .j^-* cjl 
IaI£ Ixj^)xjj ^jui3\jj < Li]lx.rVi < all djlala^)!! dl^ ^Jallill <joi£Ixaj dlqQ-ill SjaxIa £3^1] 
o^jialiliA^Ul j dllilall S JAxIa ^Ijiil OIjSVI (jli 4 U^J 1 AgA . (.** \\ qj-ill pIa^j! 

JJLd J c > v>j . 1 Jl> Jld dlSlS^ll dl j 

. a \\ JVujjVI j frl.WlVl JjSyi dll^Jjlj o^ialjJA^Ul j dllllall ©dxiA ^Ij^llj 

^IxpjVl dV^A^> ^3 4j-l> SVl^A C5^ cJjl^-^^ll 4(_£^}^V1 aJL^JI 

4 £.1 W^Vl dV ja's.I ^jjA3j (_j£aJ 4<jLaa J^d • J'JhAVI dldjpj 

. aJUvujjVI j c.LidVl cjl^Yl JaL>j lil dljl^-^Vl Jtilljj 


Ai jild ljIc- 10.6 


4_ioi3L1a 1I 4 jq ^ 3-all A -s.jq^ll j iil^Luill qs\\ 1 ^jJaxJ (JaL>J IAaC- ^aJ 

^^111 ^j^aII iil^LuJl j A j3-tn. 11 jl Aj^Hl CljVlxijVl (_j-£ajL-a^Jl oPA (JA j 4A1jLa]1 

. c1jL>,^a 11 ^jLoujl ^ 

CljUjjl jl 4 jj-a^'i Jlxijl — Pl^ 2 fc.l — — 4.“ ll jW (jj^J 

^A (^^>^-Vl Jlxijl — jL^->Vl diljW^A ^JA> (j^lj ^IaIaJ A j3-l^k 4 L <aljly\j oIjIa]! 

. V Jlxijl iil jLoj 4_lajujl^J i^I^Luj [48-6] (jlA ^ )J*vn ^)jjIjujVI-J 
<j^)A ^iC- Cjljjjlj dj^)iikl J . A J^lJ-all ^Wjq-k^lll cil^Lal ^gjj (JjlVlll [49“6] (jlA ^juJ jj 
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[51-6] (jl&jj-oj jf 3 -[50—6] (_gjj5).a'l tA'l 5 ;.a'l (JJL^j Jj3 qa 

4_i£j-g oAa Ail_3^)j Jlxijl — \ C jl ^L^a. ^3 4_ilaaJI dNLa. Aa-lLa-d <jjLLq 

jj 4ii3^)]i tjj'-v"' jjic. ^)JAJ £_UJ SjIa^I — ^J^X-Q 


CA iilall oJAxHa ^Ix^jl Ia.1*Jj [52 6] AjiiLall (Jlxijl (Jj\Vi 

.[53-6] 

— <j^)A AAjkx^A ^JA D^lc- <^.J)111 — A ^a]I (_ya ^tliL 


A jaI \ ^1*11 i^Vl lS j>4^ -ls^ j^VI gjSl j Ji* (Viscoelastic-Matrix 

oJAxIIa C5 ^ 1 qjiJVi ^^)^.lj .[54 - 6] 

.[55-6] ^ULUI 


SjIa (Jja <jaijl Via ^jjc. j ^UJl vIjIaIa SjIa ^3 n»j 

^ja AjAxJIj ViuJ^p ^ c L& ^$ |<Q . 1.1^. l.vi* a lc.jjJa^A aljLo AjS^^a 

CAj&ja CIjIa^a ^_9 t £ 12VE dI jSa Aj&^a .^I^a ^1 A VuJ (Jja VaLgJI CIjI 3 n3ViH 

[56-6] jjaj (jp -^*0 AjIa^. AaJViI j AjjljaJI L-i^lxll ^Ljaall 

A-^jaII jLSSjl Aj^)laj Jjllaj »Aj£_ja]1 A ^aII ^3 A^.^a]I _jl joujl (Jj\Vi ^Jl Vi a 

J£Ua ^ic- 
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^d 3 ^' djjjj*- 4.1.7 

C. <ij3-l '1 11a (jl .<j£^)a 11 "Lc. JlUB iB dil _J J^lialJ LaIa ^,U/l"l ^Jl ,^ } \c 

*UL^. ^9 J^J^aII L—lIc-1 AIIIj IaC. 1.1^. L ■lll^ <j£^)a31 dll^)J^)4juJ ^JA £jo)1^31 

o^)±& «^jl^3 4_d^jAll ^a!1 i^\\"ia'i 1 “ n*\ CjVL^aB ^a! ^ja 1-1^-lj A*j .^j^IxaII 

l^iJlxA ^aJJ J t J jVI (Jj-asll ^ JK^alB dll J jIjj ^aJ .(JjIxaII Jj 4_udllj 

4<j£^a 4_d J^.1 <ja AqKB Alx*i9lli]l ^-IIsa ^IxqB ^juAiB .Ixj . liA c*131 ^5^ &J^-C« 

4_uiij ^lAj-alll ©jjjaiui ^x nj icillll ,<j£^)a 11 4_mll ^L^j ^IHsaB j^- 9 JLilljj 

- s ^ > > 

.<j£^a!1 ^lA\ j 11 jaII J4AJ <L^J1j fi.ll.lxll ^xdx-fljll dlljJJJjul L_flLiA£l»jjl 


*15121 5-1.7 

C-llijl C. Og \ ^_£^}dlj fill A (_J4 J 4 J^lVlA <j^)lLaJ ^li^l 1^^ Q jfiil (jl C^\j\c» 

1^. aMx a ^.HjjVIj ^-j^)HAll Alllx9 ^jj . Ig a1a"i ^1\ A t mll ci^.1 l_^JjJa9l 

.l^-SxjJaj Jallj £_a 6 jail Aljlj^liill 1 SJ^ViaH jIjaII <11^1a1 c > I UaiJ 

(J^.1 ^ja CjliuJl cJ^lj Clil jjaaII (JjJa9l ^ja ACja^a dill oIIa ^jl jl^j 

^Jlllljj t^jj^dVl djlliJaJ ^jC- L ^h-SA <J ^ i»,A clljl ^131 ^_3JJ1 J-a'^1 ^jj .^j-aldJl 

.(jj^)dV! A^C- C' i\ij IaC- A a! 1 tfi^JAAll ^gajl ^ja ACja-sa dill oIIa ^jC- !>“ 

* s 

.11 jaII ^ja <alidA c” iln^jj ^LajI A,U^»11a31 o^.V^aB ld.ll t<j£^)All II^aII ^9 

<jjIjja11 A ^^ja\1 II^aII ^JA 1 1 1 K^ ' V ^l 4 Q ^Q-s. ^3 oj^aII ^ja ^aI ^A La (Jjajj 

If Ji 5! 

^_uj£ ^J jj - du9l^)xll AJjLc. ^ja ^jjq\“i~s.A j ^jj^AxIiA ^ldaC.1 II^aII oIa (J^di c‘* n^kj t \ jIaC- 
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(j-G JxJl AAjIc. ^j-G JjJaC- (J£ tililGJj . (JULgII (J^f‘ jj 

S-lilaj-al i4j\c~ ^ x nj <" )\ ^n.Wi <1 Lg*Jj-uI ^j£-gj V J tAm,<G C' ilqj 0*i i 

(j-alkJl A jqjhjll CjLAlalAil l_1juj11a11 j -3^j — ‘'knsl^xll 

J jUjj ,(^j±n [j\ ^-L^j ^jjILg (j- 0 £*^1 j ±\ *\2u\ Sjjjauj <jj .Aulc. 

41Aj2a 11 IgJK j> jjI A ^11 ^jsi-\.k) ^a^kj *»” 1 )*\ *.lijj! jjJa^G 3.7 O^jkall 

.O-IiLg {jj^j (jl 1 L j <jjl 


filial 6.1.7 


(j^-GJ <c. j‘n^ll AjjdiJl —(^}\£u^\ j\ — Cix^.fs *."ti\W (j-G Ujoxj J Ale 

s > 

. A-laj-ul cdlj ~(JVugJ ^aJ <jj — (. _ \x ks~i) j! ^-<31 (JLajUjujIj 1 g.qj’qVl 

cLgj-gC. Clj^Li£jou]l ^j-GjJa ^1 ^-gII ^^3 4_j j^aII (j -0 £-*~^ J .k.1^. 

Cl2A_l£juLi]l i^j^xx,) ^j'qVl (_j£aj • (J.A*_a]Lj <J^)ILg L^ajx^VN cIjLgIc- . ill O^Li£jaLJ <_jAjJa j 
(JLg*JjujIj Ig qj^Vl ^JaLalJJ (j£-GJ V l -GUI cAj£^)-G (JLgJUjujIj 1.1^. ^Jt-ijla 

— (J£joi] 1 jl — *U&! ^aJAlk-G 4.7 S^iLlII ^3 (J^ljjj C S^jo) . (J^Ix-gII 

^)^-g! ^jA J (_j-g — t S^j-u .^J-Gx^alill CjLgjI'u^ 1 (. <J.l£j L_Ljj11a]1 J).)\^ 

.Alj^x-<JI CjLgIc- ^ j-G <21x3 jj£I CjLgIc. 21 (Jx^. O^j c. '<if\ — 


7.1.7 


A. L-a j ^LGj-aJj ^jC. <C- jILgII ^jaLLg]! jJa*J ^jl ^,at Tn 

.^_jA*-G i^j^u j l_j£^g jjL jj-ak^ jl c<j£^)-g ^j-G ^.LjaC.1 

- \ 

L_fl jj-u .^OAj^allll cJjla-a-G (Jl-^-G AjjjiJl ^)A-alix]! CliV j^Q^.11 

(j-a^3 ^aJJ C-Ajjuj .5.7 djli Clljl£l ^.1 ^joi — dj^L-a^ll jnx'l 

^aJ CjU .1 ~n \W ^jJaxJ ^Jj AiLjaVlj C<j£^)-g jl ^g ^g <L-aj ^lx-a ClAjja x^~a ^jjaxJ 


572 


CjUlLla $.1.7 


aAV*^ jxlx_A IAIaj ClA A)Va ^ \x,a q"l (jl ^x nj 

«< s * * 

^A?Vn A_mll oAa <jl Djj^jJalU La A_nJ (jjlLki jW *-' 0 LS^ 3 ^ ^ .C^LilkiJl 

^aj>*oaH c.^joA 1 (jl AAaLoiJJ ^lAx-alill Jjljjai L5^*^ • 1 ji (jiilA (jjJxJa3 

L_fll^VlVt ^Ic. 1 ^j 3 ^jAjJax (jl A qjA? ^11 e^gA (_j£aj -Lg_J ^ Q^aII Axilla j $1^1 £_iAali»jjJ V 
V pl^p ClAA Dj)\ AAV AxA-a^ ^JAj>Vi ^)^Ja C 5 ^ LS^" r^ (j - 0 V-^J 

Laa AAVt (JA (_£^)^.l A_xJa3 £'1^)111 (jl jl i ^jl^iLAJ (Jiua!>U L_fl^)^jj <jl A ‘^Aj 

i ^jaxVAI Jjla^V ^AaliSI jLax-a]1 Jjaj (jl I3J ^jJaljll ^j-o . Ig \a~n A j <JVI JLxi 

CjUV 6^jlj£ aJjaI - 1 ^.jj . <j-aLVI jIjx-aII IAa sAj)j 1 u!at/>.a o^)^Lo ^ic. ^ x njj 

. 4 jqjh jll l^jlAJlxa aAV^j ^-iaLvAI ^Uj l 

> * 

djLAlallA C. Qj^j a vax^iMI (jlLkj ^)JjIjla 6.7 o^ill ^9 ^jjaSlij C_fl jjjj 

J> ss 

0 jtij ^^Ax (Jjj-sa^JI ^x, nj . 1 gAj’q V ^gAx Ij^la ^g-lx^Al ^OAj-aiill <jl£ I A] Ia ^n'An ^ja^VAI 
jjjIx_a (J^jq V Ia ^ja^-Vi oj^B <_£. 1 a ^Ic- ^1\ ^jAadJuaj (jl Jj3 o^j^C- C1lAj\ V 

^jj-sa3 A_xu 3 (jX Ua^)jai LLLuj lj^)£A t(jUlxAl (Jjxa (_jAx *^Aj-£a]l (_£.A ^JaaVAI (JjlLkl 
qj£jjuj IALa £jJa^l IAa ^^9 lilk. j .S^)l AAV V-alV 4x,J^^ l)^-^ (j-® 

(J^3 (Jgq Vi A )\xa\\ A x.Joqli ^jl ^£tij ^jl 1 x>ijl c > i~nj Lljl 1^. ^_iJal ^11 ^j-o 
.^)jai£Jl t^jJJxAaS <x_laail ^A*iVi ^likyi ^ \x,\ C' n^s. c*i]A 

Cijl£ I Aj .o^LudVl dVa J)VV a ^Ai AiLiJaVlj ^jjuj£J 1 cIjLq J)V‘u>ja ^Al ^>Aaij (j\ LliIc- ttillA] 

^x \’\\ cl^Aj . U>ijl L_lxlill CIjLq^IIuia o^lc- (JJ^ 4 O -0 ^Jtiaa AaiJl 

^Jjjlx-Q <C- JA-N.A Aaj^JJoAl oAa (Ja~N a! (^gA^ll ^ J)A^k aH iAa J^J joAI AjJ^xj 

. Ig q V ^ x, nj ^1 ^jAj^ra“AI 


9.1.7 

-- > # 

^ja.Vi ^ A^yiiAll (Optimization) ^AliA ajA^I j!iV J 

tiljl tillj ^g-lxjj cAAAaVI ^Ja xVAl ojjjjjuj (jl cAAjIVI ^ .AjS jJ! 

S , > It 

^ 1 jI a'ic! Ax. ^I1a ^jl^)laj "(JjJa3l" A aK t ^JaIxVAI (JjJaSl ^jX Ia n 
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Qii .Ac. Lilli j 4 A_^_iix-all A£Luuj Jla S. 1 UC. Cliljjilla £_-a J-aLtlij ^jl lin'c . J^jaLlIII 

ajjLLJI lJIai AJiLaV^ ^jaLLg ^j\j <jl l-i^. Cy* 41^£aj .^clj iCiiLolc-^ll 

cJl^LJ AllaVl u] Jj^' l«kU jl jVl ULI jjin .yjjkull ^ Al ' l Olall 

£-a .A_LaC. ^Lx 3 ^Jtll^j La ^A ILa (jV 4 6 _j ; u£ A_iij O -0 ^ ^Laj^jia 

4AHc.^ui j tL_3^jujL^Jl *s jJajj A_l!LaVi ^Ac. d^j^JjouI CIjI .liiilill ^jiaxj .l^.jj 4 till j 

.^i^j^alJl Cljl^iilLa A_^JLt-a ^^^.Ic. Aj^).}La ^ic- d j!)lc. 4Aliilkjj 


^kL <jl l n^j c. \ f\ ^3 J jUJ ^kl 7.7 o^jiall ^3 aJ! ia^\ ^jALLq (jllsLlj C_fljjuj 

aJjL^-q j 4Aj£^)-a A_iij (3?j Cy* d J ^ a!1 oAjAxII ^Laj-alill Clil^jjxlia j-a^ ^)Lilc.Vl Lh?*^ 

; ; 

.aAxu^ajll CIjI^ixIIaI A^LaLkll AAiIjjII ^A La : ^lAx-alill ^3 ^-ujLljjL/ 1 J>J (jc. ajL^H 

^C. "La" A_ml ^lAj-aiill Cljl jjilla <j-a Sjj^ixJl 4 _jLoiI 1 ?Ajk^a A_iij JjJaSl Jj£l ^ill 

> - 

3- (J^iall ^xiajJ Lak iA^U^\ dlLljUu ^)JC. "(JjJaflVI" A_mll Jj 4(jjuik. 

£-a . ^6 J j.W^all j ^_s1.1a 1 4.** lVq*\ .A3 (jjkj LaAlc. "La" A_iij Ale. (jAAAx-a-all (j^ax i C_fl3jJJ .7 

— LjaijjSl L_fllk JJC. 4 " La" J^>^-a (j- 0 ^xj! c_iaLj <jl A-HaV^ dlLulau IV^A'i 4tillj 

S-l^^-J ' ^)!lkl AijUlll o jJ^kll oLa Lj] .^Lt-Jl (j-a ^_lx-aJ (JjJaS^H Axj 

(J£jolj Aulill o jAvsll oLa .yfuii 4 A qj'q^ll ^3 .^■xi*a\. < all ^3 UakJl j aJ jL^-all 4.“ ll j'lljj 

* 

o^jj-aLt-a uUj^ ^^3 (Jlaxiiuij (_j-ajL-akJl ^j±l Ajkjjlkd-a Clils^lc. 

. ^11 AlaiLaiaJ 



<UL "J^afll" Jj^aJl AiLi£ : 3 — 7 
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(J^.1 (JA .A^jIua J^jl^laJ "(JjJa3l" ^^_iJ ^ \xa ^juai) (_j£aJ 
Ia£ — pl^Vl jA a^.ja!II jLSII (jl^ Ijj . ^^jjVl £jJaj LAla JJ^VI £jJa ^ Ia^aC- 

C-l^Vl £>1 _3 JJd ^ LS^" <3 *' V L^ ^ J Xj> -^J "J^r (j]-3 t — 4 j^)£jax]I Clli^)jOa]l <UL^. ^3 

(jli ^UpJ^ > ^ Clll^jUa (J^.1 qa IaI .<al£li]l j Jjjll ClllidljJ (jj~xx) £_a 

/ m - # 

LiaIjS 4 ^jC- (JIj^aII AaIxj t l.^A_j ,4_al^_i]i^ £.I.}V1 ^ja Iaj^) (_5-A 4_nj (JjJaSi 
4 _EiaV 1 CljUlialA J-^'' 4_fiJl A-JC. jj (_5^ (Jj-^aaVi J ^JjaVIj 

cAIaJUjuIA Cjljjlaj xJoJ ^^TT\^\') L_fljjuJ 4<I1 aV1 ^JALLg J 7.7 ^^3 .A^Ia^VI 

^ a^lc. l^ja^^lj ^llJ\ J£IAa 11 jjasu ^aLjaVlj 


^LLuilS 10*1*7 

* 

(J^.1 (JA a^jj^jJjui ^J^-^" 1 ^)J^iaj jJa ^A ^»L<uAV 1 CllVl^-a ^)^.l (J*J 

^ajl ^ja-n J^al jjj jliic-Vl (jjxj i^.lj (j) 1 n^^a'i <L-ula lilliA Ja .<j£^)a]I ^1 J J1 

££liuiA ^3 j ^jl (j^Aj i^Haj ^»l_iii]l l i i^a j JA ?4 _j£^)a]I (_£ j)j*nll a^jJAA <Al ^Lmll 

? o.^xaII LjL>iqH qa 

^I^ULaII i^jsixa <. — aL^'u J tJ^.1 (ja <j£^)a11 ^jaa^Vi <Luila 8.7 S^ill ^JIju 

(JjLoiaj (JjAj t_j£^)A J^V'I L V'lg J l.J U^i'l ^ J-aJ^i lll j fijj^lialll 

L_jl_iC. ^)Ujlj tA_lLa^.^Ul dll ^JjaaIIj 4<1!1aV1j t(_£ J^J^JaII ^KjaII JjLaaII oIA (_JAjJaJJ 
£A O^J^C- (J£LLq (jl Ig ’^A) 4jl ^jjl\ Aj^^Lalll L_ljlj^Jl cdt ^U-\j CL_fll^^Jl 

A_nj ^lAj-aJj J£UL<J1 a^A £yy c > iKl c. "<if\ l jA> Jl^oJl ^jl .<j£^)a11 

?(J£Loia 11 aAA (ja j^\ (jl (jj-^ tig , a A j»,*ni l-Q tJ^ cJ*-9j <j£^)a 

11.1.7 

J> 

lAA ( ^3 A_i]llill djl^jiili ^3 a^lc.1 o^)^£Aa!I £_i*Jai^A]! ^ja ^ 1 < =L^JIxa 

^j^lA.11 ,^x,a11 j (Ja^aII (JI-n.aH ^jc. a^i^j 4 _a^Lo VI i^y^ AjJ^^xj Ia ^jl . (Jj^aall 

• AJjajaII ^jaI^aII <1aiA Ci^j (jAi-allill ^Ic. ^ILVI ^ x \ \) il^A j .<j£^)a11 
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2.7 

A-aJAa 1.2.7 


( <Iax1uia]I oLLaII (jC- — ^alxJl nil ^xiAx^alill L_ix^ajj 

JoJ-v^aH 1 _a£ LI ^a^I £_a ^JAa^MI ^) ^gJ^\g*uJ ^jj^-<u£ 

* * 

o^c-LolaII (drivers) cijL_^.^aj ^-sIaa! c_a^)*j ^xj .4 — 7 ^.^jg aMI 


^jj .^lAj-adll (Jj\ V‘il LLl^LII AjjjjJl J^.1 ^)a11 Ia^xj l_L-£sjj .^Laj-alU 4_i^-g_±A jjjiaj 

^ja 4_L^)a (J£ Aic- 4_m]l <_ja 5 .I jln^l < 1 aA 1 ^ic. 

tAjLc. (JjuLoS ALLIS LgJ <jj^J U^ L 1>J (Jj 4 (^JJ UaJ ..^ ^lAj-aall 

.1 gj'c AJSjIx^ia'I ^x nj ^JLllLj 



^ j;m!) j^Ug- : 4 — 7 JliH 


jA La 2.2.7 

V (JjJalij C-Ajjuj . 1 (JL-a (J.3^* Lq.vIa 1 l-llil 

(jj <L£j^)la]lj (JjlVlll 5-7 ^jJa jJ .^lAj-al^l j tc^lilj <±uullj LgLaj li^]l_A 

^_1xj .6 J.Wa (j-aLk ^ j±u 4_j.1jj (_£L]1 ^ jluJI -l}.l2kJ jA LjlVi'l 

^Jaaj Aic. A-iull c_fll^)^jl ^)I.iLg ^A La jl lg \a Vn 4 _]ja*\11 ^A La LjLiill c*ilL 

* m J> 

Ia : (JLuj ^aJ 1 4 m a A_nj £-g £_£j!Lj . A)-^ j oL^jLj (jj^jJa ^3 (Jj\ V’lll LaI ?oAWa 4 a ml ~s 

* 

<lj)A*\.H j\SL* jA La jl tAuVi lg,‘^Aj (_^H1 jLg^LM ^jI-IILg ^A Lg j ?4_m]l oLa dJj^. <_£.1a 
^ 1 jl tL-al^^jLM ^ jJ3 jl c ^ jJ3 ^ja ^1 (jj*^ lg IaVi 1 g '^aj ^^1111 A_ilLA^.Vi 

CjLjjp Lg lA^ic. ^rx/n ^1\ <ljA*s.'i jI^Lg La *le.\^\ ^lc- l£,>^ 
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(Jj^xxm [^Slp .Igjl jCSa! j 4_mll <j! VuhV l.Ajjqn (JjW’ill C* j Jk&j ? _jl jkVl 

ok (JIaJJ . AjIVujj^U 6^lA-all ^kja-n Jjl^J ^gJc- ^jj*j j cA^.1 j (_£jdj 

(_j^5Lj 1 .Ajjlj ^aJ3 (JjLaa ^1 ^aJ3 Clilj (JjLaa ^C-^a^-aj Ia^aC. o^j^JjaII 

j\ Ia£ t (JjWlll ^a Jg kj . (JjLaaII (JA 1^. <iliJa 4-C- JA-^ A 4 JA*W <J^jlLo (Jjklill 

^3 ^lAx^alill 4 _Ajou]Ij (JjWlll 4 <C.^Ha Cl )\ Axxl Cjli ^Uaili 4 _XjaIj O^JJ^lxxl <jl£ 

.Ic^. o^j.Waj <ilCa O^j^JJ-uj 4 qjkll 


Ia) oJ.Ka i jV ^a^. t >‘* (_£ jdj Jj^joal dl^LoJl 4jl Vlxxll I (Jj\ Vill 

. (4_mll l^J ^1 *Uja^'I ^A 

(JjJaSl ^ic- ^_)A jl jjq1\ j (JI£ja^M J 3\ju^\ ^jjjau Aj\aC- laOAx-aLill 

Ia) oIWa ^1^_a ski J oAWa CIjV^a^. (JaVi ^ja ^^Jkl) 

(?Ja^]I (JaViI (J-CaS^M 4_mll 


^LAA^Hil JjUu JjlVill :5~7 

.AjIHia diXlkj ^JAx^"i 11 (jlj jlijoVi Jj (JjU^aH ^ja CjA*Jl JdAJ 

(finite element) a^ua'I j^lkil ^k. ^lill JAsdll uW ^akVI J] dllk 

<_^k ^jJaxJ ^i3^)XJ .^sJLxJl ^ ^)Ax*aMi Cljljjl <Ajla ^k ^ik 

^)j-aljx]l Aij^)ia (jl 1 ,j‘iax^i C’ n‘iC. kl i^xj {_J^J tAjg.'nAll ^)j-alj*Jlj a C5^ 

V 4 j^ViaII ^k ^jIHI (Jjklill (j) ! " c — a\.3-a a\I S'iS*^ l3^" > *" 4 j^V^aH 

(_Ja£j (dllj £A .O.^XaII ^jAx^l 1 d 1 xx)_jIaa ^JoXA ^3 <JC- ^LlxlxxlVl (jk»J 

y 

J/sdMl ^j3 ^jax^i"i 1' djl^jiliA ^liiu (^klo ^ ^iAj-a!lll a£^)^-a1I £ 

. AlAx^l^l CjlkkiA ^3j'qVl ^3^1 ^JA IXaII 

Lajjj 4(Jl kluV^j oIxjV^ ^ ja-s c (Jj\ Vill — ^lAj-aiill 

^jlj tOlWA CliV^A^. (Ja^wJ jU Ik (Jj^aM 6(^ ^±n x xl* 1 ^3 <Ja^)^k‘lAll jl 

= ^ S' f > ^ 

l^)LiXA (^k-J (jl jl 4 (_j£aj Ia ^jx-x-sal <jjjj Aliikj U^J tAkakJI a!1 qs*x\) 

^k IxjjI^) aJLxiaS c_kl lijl ^jLxaII ^ja ^jxAJ dilj ^ ‘ix,j ."SJ^^Jl" (jA Ia 

CIjV ja^' 1 c_a^)xj Jj Jj^x^B L_a^)xj V Llj) J jaj lilj . (Jj\ V'lll ^jg.^A ^jc. l_j k. 
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AjLoJ aJLjiaII oAA V oAA (Ja^. ^*.j3*auxn ^lill A_m]| ^A La . ^yit- V JV^ 

J jUL .SAjjaIaII A_IjA^JI Ig XjA^k (JaWi Ajjlilaj oAjAC- A^j (jl 1 . Vl^ AJ loJLT^. j 


La 4A« > aiXn L_lC.^p (_£A1I gHxftll A-IjoUJJ JajJo-N jl A Jj3 Cll^J 4 (jl ^OAx-ajll OJJ^liA 
. A ja'W ajax^MI (Jjaj V 1 1 A&A j . ClaV j)A**kll oAA (JaVu ^lill (JjAa3VI A_m]l (_^A 


AjI^jALa l_j^)3 (^Aa (j-'V^V’ij (Jj^jaJ *l£ijV AjjI^J^J A^jjl^aJ jA ^a-oj-sajll 4 iA11a U* L/Aj 
^.jA^k (jj'qVl J] AjSj <jl (JaL Clll^lJu aIa^C.! ^aJ j)A J 4^xiAx-ajll 4.“ il JJVia (jjqVi j)A 
A qKMI 4_J^^j (jC- (j^lc-VI La^aC. ^aJAx-alill A_iLaC. jAx>i nj . ^lAj-aLill CljLlLaLiA 

.Ia jliic.1 l_l^.I^1I _j^aLM j)A (jf^LtJI (jjAA j^£ aJoj^xa 4(j^AJ La (J 3 I (jj^llj 


c^lxll j)A A.C. ja~n a AC-Lix-a ^^9 ^OAx-aLill ©^j^jpxxi Apxlu^jJ ^iLi-al! (j-a£j 

La jA A j^j'il < sj < all CJJDlaJI oAA (JLaxixJ j)J .AjIaL (Jj£Auj 1I Jajjj Ij^nl^-iA oA.WaII 

.a^M\ a x«oa (jc. ^ j)j*nll ^a-aj-a-a]l ^)JAJ 

* t 

C-lj|j (JjWill (jxiil • (JjIVill L_J^lLa A^)^-a j)A ^jj£I ^xiAj-^aLill iA-lijudlili A_i^.Li]l (jA 

^jJC- ~k\At.si'\ aJLaa A ja*W (Jj\Vi aJLxaa j)A LVq nl Aii] .Aj^lLa Ajx>aLj^) aJLoia ^a-aj-alill 

^xiAj-ajll (Jx^kj La IaAj j)A LLkjl ^xiAj-^aLill aJLjaa >»_ lU-vn . A ja*W 

* 2 * * * * * 

A >j'V^l (Jjaj V 4 cilli ^gJc- Dj^lc- . A ja'W l_gjj£ 4_ijU. Ia^. ©ASxa c^j^jJjoj 

CA^Li£Joj tilliA (jl lilii ^Axj I^a-lAj-ajll dllL^lj-oS l«pi^-J ^L^. ^lAj-aoll AjjI^jSI 

O^Lall (jpj j)-a I j jj (Jl jjaill jAsu .aJ-aj-allll ^.1^1 CljLiLali-a (jj'qVi 1 g^^aj Aj£^a-a oAjAC. 

r j^Vr Jjisaii > La 4 ^ji 

J^l (j-a . ^ Ll^jI yLud-a ^lAx-aiill j (Jj'Vill jjpj (jjL^^ LS^ <J^a£ j n»,'^ 

~^Jj! Ajjlx-a (J-axLoij 4\j^)^^-a (J^i^-aj 4 3*a u*n (J^xaj ^C-A-a p^>axl ^IxpVI AjlLa (Jj\Vi 


7T 2 EI 


(7.1) 


E 4^LxpVI aJ^a^. P 4.“ n*\ 4 LI jaII tilpl^La ^9 ^joiLjjI ^)^)La (_^l ^^9 o^lc- A_i1Lla1I 

AiLjla]| (J^Jall Lj 4 J^axil ^jJa^)*JI ^x-LaLail AJl Lixll I 4 0 jLail Ajj^)a 1I (J-alx-a 

* 

. (jp*A PjaC. (J ^.1 (j-a ^ lx_pV I AJ^-a^. pl^jj A jLia'i (Jj\Vi aJLoia . ^^a*JI ^lj 


578 


\x 1 . l^_JjJa_J A"ia‘*1*\ AILaaII l.^A^ 4 Aa^1xa E ? I ? L ^JiLLoH 4tillL (_JA 

4A_a^1*- q o-li^^ll A_Aialill aELxaII ^ja nAjll <^_S^)ia]l ^jjxIIaJI (jl tillL 

.S^jjaLia aEIxaII ^-nSu <j^AJ 


£U^t ^ajlij J^aC- ^ja^Vi In'c- ^x nj Ail (j^a jliiil 4 (Jj' Vi'l ^Laa c_£}IVjj 

A_9^)xaj E, I, L i^Axll (j«Vi \ *»“ 1"^ n 4tillL l)^ cj-° . I^Jjaa 0.1 W a aJ^*^ 4.** 1 V 

* 

V -^39 — ^Lxjjl Cij.1^. 1 g.\A*\ (j^AJ AjaIoC-LM a!j)A*\ 11 (_^l 4 P ^-Ix^jV^ aI^a^. 


^JLllljj 4 0.lV j A-ajali y^lx-aj 4iV j ^»j1xa J 4 JjAL^a Aj3Lj liA liill 4tillL £a . ^)JC. 
aILaa ^^9 La£ 4i^Axll (J ^la 1 *1 a\c j \ j .^jJal j (JVliin A ja"i*\ aILaaII c." Uajl 

^C, (_1^J1 Aj£aa AILaaII cjx-^i . (JV1 ALlii AILaa c^Ua'i V (Jl^j La Lijl_9 4A1 i^.L^- a ^ ^ja ks-\\ 

^ 4 AiL^pJl ^1 4 iV ^ill cJLa 4 A iLa ll ^a ^JA A X S~\k S~l A A A-C- J)A^L A ^JA ^^Axll S-Llijl 

(_ja Ej L Lia^jc. lij Ail <iilL ^ ‘i*,j . ^iLiic-l fLb i^ac- (JV (jA ^jjiaIVI jl 4 c > W1 

i^7.1) aIjUaII ^ja I iL^j) Iv^aI 4 P oi^jaIa aJ^a^. <JV 


/ = 


PL 1 

~k^E 


( 7 . 2 ) 


^ja (JV (JA AlLLaxll ^a^xl A^IILa ^j 3 £Jjl LS^ (7.2) aELlaII ^ja (JjaxV 4 till j £a 

lilij V 4 till j £-a «(^-j j^)a11 (JaLla] A Vi A a ^j 9 £J^)1 ^JLilljj) A^IILaII Aaj^jLM LI ^a! 1 
!* # ; 
li ll^AC- ollc- ^)l"l A ~1 !oil*jl ^ 1c- jl A_l£jii (> _ 5 Ac- La J^Axl AlUaxll ^^3^ 

* # 

A j\aC. ^jc. n 4 tillL ^x-a .^7.2) AJiLtAll A_Ajkil (^Ic. jLaa All JaC. 

% * Sty f s: 

(JLaxIliall In'c. 4l^Aj .aJAJ-aill CllLilLaJA 4K Vi oAaC. 1 O^C- jliic.1 ojlc. oLa C-Llij^l 

^jl tillL ^ ’ix.j .^1x^11 ^ ^Ifliljl cJ^l (JA ^-LtAjV^ ^)Lixa ^Jj Ail_*Jaj La ^>^.1 ^)Lix_A 
IVi^aj L ^lllilljj 4 Aj j\3-»aH AlUaxll (j) SiAC-1 

* * 6 t e # 

^ A_ilc. AaIxj LlujLIa LujLujI AAlSJI LaJ^) ?"(JjJaSVL ^A P^aC. 

Jjkal jaII ^_iJa^)xll ^JaL<ill j oLIaII jl'V'i 4_fl ^joi JLilLj 4 A^ jHaII oAaC-^U llij^jlLa 
t ^Jllillj^ 4^xiAx-a_ill A_^,^a JjjII (j^ o^aaI! A ill ^L Jj)AX.\l 

^Aa 4 > U^Lia tJVaj JLIaII I La ^bia jJ 4(JL^. (^\ ^-Ic. . jjjll li J^axII ^)l"Vl 

. 6-7 tillL ^_j-aVLj 4 JjlvJI aJLaaj Aj^jliLa ^jA^Vill A_lLudA V<ix,*i 
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^IjujVI aJ^-g^. (Jj\ Vi • 

tt 2 EI 


1 «N >, 

II 

E, I, L — > P 


JjJa ^lAj-adll 

E, I, L P - 

E, I ^ P, L .iijj— L 1 i] - 
I < — P ? L, E Sllila SjLgII j lflj_jx-o L (jl£ li] — 

ajLuj^VI^ (ja "b \ <\\a SjLajI j Is L lil — 

P, L, Es , Ec, E w , E a ^ > Is, Ic, Iw, Ia 


JjlVill JlL» JjILj ^\ju^i\ :6~ 7 jS-uJt 


<_jfL ^aJ I jj ilj^JJUU ^-g ^ 13] A_JJXj-£ 3 ^)j£l aJL-ga (.** I.K'l 

X ^ I(x) 6 jliC- jl^jj ^•^ Cr ^ », nj .A^jia oljlj-AJ tLlj A^JUaC- fjZ' 

IjfiJ AjjJa^xll ^JalLa]! ^j^jj (Jx^ A (JjIjj ^)j-aj3i . L_l}jJaaI] Aj^)j) j s..g11 AjjIjV^I 

.AIgIxJI aJLuia] ^aJJ ^aij 4 ^jJdjlj Lj E 1^-iS (JjIj-g-g 

CljlJuSli-G ^^S U-j^ ^iiaj-sa-G ^JaJ 

t y # f 

Jajajj j Aj^jujj V (jJL\\) Ajli 4<jJajl*lLo lil^Ai ^giCA-j La^ic. .^lAx-ajll 
(j£-aJ 4 (JULg] 1 x^ijlLa jl^ (JjljJ (j, 1 ‘l*' J Aj^joiill A_uj^)La-g (j! . Ig , nj 

C6^)jUa]l aJ^^* 4(_£.1a]I ^j-G JjVgMI ^C- o^jjlia]l (j_jj £-g l VftMl 

AjjxgMI 1 V . Aj^llill CjUIIgVI c3a Lg aAjI^j j}\ i ^^3 ^11 J 

J)\ jfl 3Lkjlj o^jUail c-l^V^ 1 “ il AJV^a ^JC- V] o-l^J AjlJaJI 

^jjC- ^a-Gj-ajll ^j-GjJa ClAj^joull .Aj.1^. ^ V a\\ Clll3 (J-gI^xJ 1 <iAjj 

(JL^-g ^S CLAjjjouII V .^lAj^alili aJLuia] Aj£-G-G (J S^C- ^ uj.ii 

> 

e-l^J V ^llllljj tl^ij^au ^x-g JU-oll Iaa J-Glxij lijV 
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3.2.7 


jiaJU ^gJc- JjfljL L_ ^lAx-fldll Jj-alic. 

lic-A t<±ujllA 4jb^)laJ j^jjoill L QAgJj ccdlj .Ai^lLo V A3 (j^J 

lAA L^JjIjjj ^1 ^jaIaa]! j Clil q"i <-“ n^i CIjII^LjjVI-J ^AlLj 


.7-7 <J£^I ^ Anul 


i. 


iljc- AJtill 


CjUjlSLd • 

<-<u-Qj-aJ ^yJadjaij 1 4 'j'V ^-iialuij V Ij£ IaI 

^.ju-Vill (JjIaj • 
"^.J^x^aMl" £JjJaJ i^jciix-saj ^Jaluij V lij 
a! ^xlII ^.IaIjI • 

r j^aVr sjUi Ja 

?(JjJaaVl <LaJI C1^j*s Vi'l ^A La 

CliLuaj • 

l*-a l^_*jJaj ^yA \.n\c- 

3JLoVl • 

rj^aVl" ■■^ull Ijjjl t> 


1 7- 7 JUJI 


.VaIoII (Jj\ V (jjjAlS IaJ LuS AA^j <jl JjVI jj-aixJI (j/i~sj L<ua 1. nlc. 

- ^ > f 

Lijli (ViJI (Jj'v ^xJaLudj JL^. JiWll ptil&J (jl 

£_iaVj ^ ix, j ^lAj-salill (j^ IaI .4 jqJVi^ 4 .ai-a x Vi ^jc- ^5^ U-j3^^ c ' 

(jla t A^oLIa]! (Jjjuaullj l^jl (jjA^tlA 1 \\x V (_JA 4.C. JA~^ A 

A j'qJViA <aj^)Iaj c- ^ja^Vi Ljal^jjal <JjLV £_iaVI L_fil^pc.lj (Jj\ Vll 

' f t- 

?<IALaV^ 4_mll (j At.s-i <Laaj (jl i}^ (j-Q cJ^ ^A Lo : JLaij LaAjC- 

> « 

(j-o 4-C. ja^ a ^l_Vj C5^ c ' (j-3^ u' ^^j-uLujV^ (J1j^joi]1 Iaa ^jc- *». i\)Vi 
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4_mll d^ASa AiLAaVLj tA-iull t (J^ o^SLa ^n*j \\ SA.W a! 1 j <LajaL^J1 (JjII V^ll 

Lj_jj^jjJa j IjjojLujI 1 ‘iI.^>ja oiWxi AjUl^Lc. (J£jA ^9 (Jjl'vMl cAHa! Ia9j • 

•<^4a ^ (jic. 

lj£ lij (JjIAj ^-C- JA^A ^ ^jA^-rVl" ^Lill ^/ijll JJ-£li*Jl JiAJJ 

IAjA] ^jj£j (jl (j^-^l (JA . LjjLjjC.1 A>a J4C- Aaiaju 3J (jl_9 4 ^cH1a1I ^ju/i‘i ^iialuA V 

(jli c4_m]l IaA $.IAj ^pLfl (j-arLuj (_^l (AILaA (jfl ^sJ Ijj j tLo 4_nJ ^jc. <9jla] '& 

. Cll9 <x_i*AaA o^)^a]l 

(J^ (Ja.1 (j-a 4'^^ SaIa "(JjJa9l" lAj!Hl <Ja I&aLaII *l£jt ^)j-<aAc- <A11 a Axj 

# s= # > 

lA^Aa.1 (Ja i aIi]La^.V 1 4_m]l o -0 ^LSa^ac. ^>^1 (JIj^aII oj& ?4_mll 

?<<jj^)ia "(JjJa9!" Jpj 4_Ai21 (JaC. (j-° (j5a*i\1 aI^aII >>s-i\\ <Lc. ja-n a!1 

<LLa 21 cAjLAjAAll JA~N (J4J ^A LjAa.J (J* I(Jlj^JOl]l ^^9 (jLiAJ49 (Jj£jAli]l C-lilijl 111 

(jAjJajj <j£^)a 4_Aj ^jC. La c.^_Ai cAIIAA (Ja ?"(J£jA (JjAa9l" j IA91aa1 <_£a11 

* * * # 

oAA eAjAaJl 4j^)aJl CAla.^jA Lil^aA Ja ?(jaIxa 11 (Ja.1 (^ja SaIc- lie. l q\"rs.'i Cjlj^a. 

?<laL^Jl IVn'n (Ja.1 d -0 (J^-aa "lJ-a^I" c-LiAIj 

Aj^aII ^)JC. ^ja .^lAj-alill ^^9 ^JLill ^)j«aAxJl JaJ^)ll j (Jjx^jall CALAIS (JliAJ 

* 

i 1 A^A j . (j^x\W 1 g ks*x\ £_a Ig'n^n (_j^aj V 4-J^iij ^)j-alAc. ^ja <C. ja\a l^I^LIaI (jy ) UaV 1 
^3 4 <*n \ \ ^jxa ^ . 4 \a ! ^ 4 j *< < ^jai 4a3j^ 1 1 ^ ^ ^ 4jml m l ^Jjj^a^lll djljjLflj 
(JaVi .Lxa (^A*j V ^Ja9 ^-ja^a J^)^-a l-AAlc. {jj^4 a! i cJ.. Urf ^ iljC. 

iAIijAxAll A_mll Jj-a j CliLijlij £-a <4jAi 4_^. jl cifj-a Jl 11 t." il j’lljj ^ CIjVL^aII (_paxj 

.Ia^. o^)j^ll Cjli^LUVl (_pax J A^^.j ^ja 


•r^ 


alill ^jj .^lAx-aAll ^^9 ^jujLujVI ^Jl^iaJl 4Aii^. ^Lill aJlla^\ ^x-saAc. (JIaj 


AAC. La 4Sn <!1a1 ^ Li^L^A jA ^jji lil JJ <4 x*u11j 

4 (All A £_a .oAA <I1 aV 1 j^Al i}^ (j-Q A )\ jxA-alj^)]l ^iaj-ssAII Cjl^jiliA 

<_£ 1 4<aJjj "(JjJa9l" aL^j]j toAjAjtJl ^jax^i‘i '1 CAlj^iliA £\Ay\ IjjLjjC .1 <IiaV 1 (^ 5 -^ 

4a^i a ^_pa^)*Jl jl L V'lg 11 IaA ^jC. ^J^jj^alill ^jl .^lAx-salill Ajl^jiAA i 4 jLiaV 1 4li]ja]l 

; * 

LjjLijlij pjl jA9 ^JA A^J AjjAj ^Ijl 9 dA^Jl lAA ^jC- Lj^^C. j 4<1 ^ja 

aAaj! J jUa LaaIc. .<!Ijl9 <I 1 a 1 AjLi^jjI jIjjI s-jLp' S j^Lc. tAj^lajll j aILa^JI 
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s ; * 

JiJl o.'^x.aH 4^ 5 jLx-all ^j-Q ^i*_AJ 4 ^,x iij Ail c^iAj^alill Ajjl^^j 

^ flAj 4liujjjj ^4*^ CT^ A-a^_a Ail ^lc- ^lAj-aiillj lallc. •LS^ L ^ 

(Jfd Aa£^a A_d AJU. C5^J tcilli £a . A \g xjj ^aa-aL-d (j-a Laid A la Vi La A_aj4^-H 

(JL^-a .id! d V 4 ^AVi^a,^!! Aadll 41L^. ^j-«a l^^C- ^ja£LM) lg>aj < Qx.ro"i dll^)dtda 

«4j JLU1! Adj^Ul! natal -j^UJI djSjJI ^ - c jSaj V ^dll JUiVI ^j-Q 1 .1^. £_uJ ^ 

Ajliill 747 £d_^ o^jjUa <-” \a ijj <jl ^)jJal_^Jl dl9^11 1 V^'QJ V 

* # ^ ■* 

^Uill ^aiadd . I Og.ll IjlA cdliA jl laA ^adj lVi^<aj 4 till j ^ . A-addall 

> > 

^^9 (_£jadll (J^jg.ll ^ajai^j 4jj^) 4^11 _jLii __$1 O^J 4^^-lLa^.LM j_jja-all O -0 ^Loj9^1 (j^x\) 

ss J> k- - o 

jaj£ IajL^jI c > ^ill diljl^ill ^jl aJj^joij c 747 ^d^ s^jUa 

JLadLjjl dll jld ^di . dixall Adli Aadj^a 4jjl^)^j ^^daad L_ A^juj ^lallaj 

y 

^d^ll o^)jlia (Jjl Vi ^aJ ! (JjWill ^3 ^jjii 1 (j^l J 4 ^i.ax^aill ^3 AjgVi.all jj^alaxll 4aj^)ia 

y 

4£^)d ^3 (jjLala.il (Jd (j-a ^)aj£ ^1] di^)^la ^lill^ A jg*n.aH ^)j-alaa_ll Ad^jlaJ 747 

. ^^jj-adall (j^jiill (j-a C llj ‘ij^i-a'N.ll (J^ld ^d^J 

- > 

cil jLJI L_dL^. A_a_nla ^_lc. A_l!laLfl 4 jj 1^)^J ^9 La ^j-a >.s-i\ (J jj3 duaa 

(411aV 1 j (merit function) <lb Lite, ^dj) Aillal ^ ^d ^ill 

^jLxd Idli c JjladlujV 1 411 J ^A Jjjl! 1 4 Jliall C-W^ ^3^ * Cja ^ (^ J ^ a -J^ -3^ 

4 Jllall 3 -a j a a) j* 1 i^ja . ,w^Ml V iflU-a'M ^qVi ^A\ (J^V^ ^ 44 ^^ -itAji 

(jC. 1^. ^j *X -1^3 3^.\ j ^jddaj Ajjdj A_id ^)dxj 

^.V'd'Vl ^xlAx-ajll 1.A dc. 48 7 cJ^dll ^9 La£ 4 ^ )ax/i ill $.ljJa9 ^9 b j jl *s.^ll u'JjVI 

^jdda ^9 A_adia dll^jdu (J^.1 (_j-a UdJ 4-al^C- dlld ixj .Jda9 (J^jLall ^A 

UdJ O -0 ^-a . AjV l<aV 1 Adad ^jC- 1 .Ija J ^Laj-dlll 

^.jj Ia.Vi»,°I 49-7 cJ^dll ^9 La^ — ^lAj^dill ^Lja9 ^9 S^jjl_^»-all oAlAxll ^a-aL-dil! 

^ { y * 

dll^jdu (J^.1 ^j-a fijida (JdJ 4-al_jC- tillj \x \ .LgJ^d ^aa-aL-d 

y j- * 

( Jlx^\ ^lAx-aall ^-^4 Vuaij V d . Ajfi.aV \ Adu9 Qc. lAi*a ^a-aj-dill ^)dtda ^3 Sjida 
^aa-aj-dill ^al ■ W'u^jIj L 5 ^ *". iS^ 4 (Jj-\^H .^g,^ll o^jadV^ 411^11 o^A ^^9 

lllA (,jLa l n'V .41UJ1 aAA ^JlLaV^ ^da^ll A_al£j ^jLujj 
. 9-7 cJ^dll ^^9 till^ ^.Wu 747 U -0 13j < XjJa^ll 
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aL^j! a^^_a <al£j CjI^a Sa*j ^a-<u-£aj]l aL^j! a h\^\) c_a^*jj 4(JIja11 Iaa ^^9 

La lc.^j <g J u‘.iill <jJaJ^)xll 3* ^jax^Vi 

AjA^j (J^.1 cj-° ill <C-^I1 a CAI^jjxIa (J^.1 3 *° CALaI^jA jUjl ^x nj 

jl c 8 7 J^ll Ia£ 43 ^*-° ^)-ixliA ci^ 3* SAjaj jj!-^ ^jlii sOAx-alill 3 ^ IaI L<u3 

* 

(JjaII ^j_j£ ^^3 jjjIaII SAja Aa3u .9-1 J< La£ 4^kl ^xIa ci^ 3 -0 S ^J* cJ^o 
3 -° t_j^)i]lj Ix^q ^ *ia jl Lille- 9-7 j 8-7 (jjKx'iill ^9 La£ (dW/dx 3 LLla 11 ^ 

.y^l 




filial : 8-7 j£-uJI (j^ jjC- ^Jllal ^ja-koI : 9 — 7 J^yJt 

4<3l3^)ll CAlgJ'S Jj (JjA 4 A x^ll Clll^JxllA ©Ax! <11 A 4 qjq^ll ^9 ^JAJ>^1 1 (J£ 

8-7 (JvKxjaH l .£tJj 4 CjLalc. Jill 45 uA CjIc-IsljjI j 4 CIjIaIc. A ll <L^alali CAIsLaaII 

dAxl <11 A ^ja VAj 4d^)a (J5 ^9 A^lj ^\Jax^i*i ^ixAa ^ic- ,qVuj>iVl <11 A aIaAg- 1 9 - 7j 

> f 

.G^jlgJal <3iKa1 ^jI^aj <jj»,j>^ill 3 *° ^ItilLj 4<j^Lj aLu! 0 jjjx^i'i 3 ^-^ V CAI^jaAa 

l a nj 4 8—7 J^ll (_£-® l-^ 4 ajax^iMI <Jj3 4.** )\ ^'yjA ^lAj-alill CAI^jjxia (jAiat i 

jliiel ^ja Aj V 4 1a£Aj .9“ 7 J^ll ^3 La 5 4^aAj-£alill <AjxjJa AAI^^^a ^)^V1 1 g kl^ix \ 

<q\*^<All CllLbL^jVl ^^3 4.” )\ A u*ia !1 <^.^)^. <Jjiill ^OAj»<aLlll CAI^L^a (j)\ ^ajg 3 a 
3^^A CjI jjiloll L>° 3 I AjA^j ^ 5 ^ ^lAj^alill (JjLaa ^Al (_^A^.j 3 A ^- J • ^iaIa-sIiII £.Lja3 
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L>° (_£^J A h\x ks-i (_£^J c^iAA^dl] 4 j^ 3 C-jlg^L^A 

A_^.^}^A1 ^ji]l ^A Ia t cil] j ^ \xa . j i‘ix a 11 (_j-aL^Jl ^lAj^alill ^3 ^)J jJ V Clll ^ixIaII 


?^iAx^a_i]l ^_ja CIjIajjaaI] 


o^.V^ll j& djl.q^AaH oJ^sLIa <j£^)a1I C* A i "'°" 1 L5^ aI^IIa^a]! ^Jj-saLlxli .1^.1 

i—illjj .£a^a 11 (^Jjjuaoll Aa$.^Ia (J^.1 qa A j^iJ-all (Jjj-aSJ ^^Ac- 

* 

Cjl_n] CjIjj^aII oJIA ^x>Tij tAjiflaSI CjUj^a ^)A^*n L_lC-^)j .A_iMl J^.1 ^)a11 

.4_iiLia]l (_jAjJa jJ 4 ^.Ic. d j^lc» ClAJjliT^ll <_ja s-Lnll 

4j-aLkJl ciA AAv a!1 ^l—lujIIa ^jLJ <JaIc. jI^ILj (3^-j ^£1 c^hj^W o^a ^_jkj 

(J^.1 ^ja .d^J^C- ^jajhV 1 (JaI^C- j ^j-o ^C-^)]Ij c^^llLa co^Lut^Jlj AjIaaIIj 

liA ^j-alixAl .1^.1 <_ja£j .Ss-LutaJlj A-jIIaaII ^jA-aljc. ^jjVn ^a^iij (jl (JsVl ^Ac- ^x nj 

(JjjAa^L t A VOxa 4_iij (j- 0 UliaJlc- j (J^Jjuj AJLaa o.AAj c^jj-saall AJja^wII ^j!£La ^^g-S 

> * * 

AjL U SL ^kjqx^ill £-o (_A^..l3 (jl ^ jAa u^n .AJ^l^JI {ja A m,^ Aaj 3 ^£1 4_m]l 

.^J^a^JI Aaa ^jIj (_£.A1I oL^j^i tl.1^ A q\**r^A o jiAO Ajj-saLk 


d jjla j.1xj t/’n's.j cAIu^xa 4_ ml I'A.u.^iA'i jjWi (jl (jl£AVlj (jl£ t^al ^11 
.CjIaIc.^1 JIa*HujIj cdlj j t^^.1 aUJ ^3 4_1a La aUJ ^Ac.1 ciiV^-a^* (JaVi ^Ac- 
aAaxjjaaII AjjL^.1 A Vvla aH ^ ^ ^sI^aII j>.s-x\x \\ ^ja ^_j£J j 

^ja djlAl^jV^ ^3 lg,j>*iq‘i ^Aja^H J^.1 (> _ 5 Ac- 6^.^a\ 1 (jli c^Iaa S^)jUa]l ^3 

£j J aj (J^A-^ ^_ja ^j^JtAll (Ja^ Cljl^).Vq^l J)jVAl .^liaJI cill j *^^^3 

M x eliail cr^ ^^?A^ UJ^ tudli ^xj .A^.^Ha CIjIaL^jI CjIaIc.^ 

.^UaJI cJj^- My ^ 10-7 J^A' (^-3 ^^?A^ jj ^ -0 l 3 ^j 

<allkA ciAaL^j! AJjLjja CjIaIc.^ JIaxILaI ^c. oj^L<J1 Cj 1 _ju * “A I 

, iVv^* ^\1 ^Lmll 
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AW*- 


S jjUa^i CjVja^ :10 _ 7 jSJiSl 


^Ic. 4jjLila Cjlj-lLa £■ jiJ (jljBjjla SJLi. ^ 111.}] uilli 

tAja J Ui A. ^ (_£ Jl jaa ^ic. ^jiiajjiall (_£AaJ £Aj CjIaI^jI ^3 (Ja^ 

* * 

c^IIa j tl_£j£Lajuj ^jjAj AjiLlall 4-^iix-all Clil^piLaJ IjaL^jI (j^AJ ^ 

jjjxM (JjIaa AIijAxa A_nj ^ A^. jj V .AjfLlaSI A -^.\kj.s-iW AjAVn'i 4_I1 a jjjxj ^C> A-LaLaUJ 

* a 

^ J an \ 4 *i 4 y'i a djl ^AAa C> A-Jjllill 4 Q l-i \ 1 - 4 A 4 iQil-i 4 n ^ a i -Vi ^ w n \ 1 ^J|a 

JIaxU ^gic. Ixila JjjAli LajI ^Ic. <j£^)a 4_ml 4 aI±^a]I CjIaI^J^M ^3 

<JU. £_iia!iui3 tcillA £a .AljAxAll <SL^. Jx^ La£ IaIaj cCIAaIc-AII 

<j] t/* n*\ £ja 6 A ViAxaII 4_mll a1\-^ <_j£aa J& Haa AxjI A^sLjaj ojJts c_jI_&a]1 <j£^ja]1 

CjIaIc.aH ciijl£ I ij .illiiSI CjIaIc-aII <ja jjj£j ^£1 aac. 4_j£ja1I aJL^. ^ LlaI 
4_ail^Q ^1 jj\ 1 g,x u«o jJ-iuCi Lijli ;<j£^)a Al ^ja A^jU/ia ^(Jlxi£>U AjIHaII aI jaII) 
*Ia1 (JjJaSl ^ja Ajq*u*n ^jl £-iiCiuij . CjIaIc-AH ^ja <aii^A ^Jall« 4 _j£^)a] 1 Al jaII ^j-Q 

u'jj\l ^Jjudill (Jx^.j J~^laia <Loi t^£- AjuJaji CilAj ilA^. (Jlc. (JaIxa (_£A l <3j\] <_j^aa 
^) j£l 4_}3 (.** 1. W'l ^aII jlLJI V ^-luull lAA (jV <^A j to^)AL<i oALo ^j-o 

k; ^ 

^JjxjoqIIj 11a 3 A3 iillA (Jaj lixJaLuJ 1a| (Jlx3Vi 

.» s= y 

^jl I.a nj — ^jjo£ ^ juj 04^j ^-3 aJ^a^. (Jaj LaILc. .A_1x3 l_L^.I^11 

(J u^iq i ^ j)Vujj i c I.VnA j ^ Clusl^c- — (_ja AiAki]l (j^^4 
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4-ali^A 3^.1 (J^.1 (jA 4 4_U2all <^_iix-a]| (Ja~na j)A jl AjjjiJl ^)j-al_lx]l (jA ^LaSI 

. <_l£^)A AjjdL 4_nJ QAK^I dUhjVI 4_i^.lj (jA 


(|J^1 aj^M I Sjjjj*- ^ 4.2.7 


l^j 




jLlILlx, 


(jj . ljil.lAl (J^l (jA ^lAx-allll CjU^A 4C J)A^fc A J (^jdiJl 'ijAxSli 

1 Ia £ja^j C_S^ja • 4a!uJI ^ \«,q*i (jl L_1C IaC (jjlc j <iaLudJJ ^A 

.6.7 J 5.2.7 (jjjj^jlill ^^3 aIasL^j 4L_Al£Jl 11 a (JjLk ^JaLoull ^3 Ja^)i-<i]l t— 

1^-cLjjI l_1^.1^]1 CIjI j3-v^H jVI <*U ^ja tl.VnC.1 u^o'i L Og.ll 11 a (jJXjJal j 

.^u *11 


(flow chart) ^ajja^iII 3^J-i^a11 a ^ ^mll ^ jax^MI s^j^jja <> ij-ajj 

cU^jaa ^jJl^ 0 aIj^j 3 -> 3 ->^ a (Jjj 2 (^ajja^jIII 3 -> 3 tn a !1 (jl c*ill ^ \x,) . 1 1 — 7 (J^^ll ^3 
4_9^)aa j)A Ljal^jlsl ^Sln . CjUjI ^)^.j j 4 ^jaUaj 4 ^)l£sl JoJ-i-na i^ill (jA V-^J 4 433 j 

^)JC Ia3xj . LiAiAj-saJ (J^.1 (jA Ia^jUjcI (j^AAll 11 ^a!1 j 1 g \a^> 4__L^.1^11 CIjV ja's.II 

jjcj IaL^ Jj£jaa11 11a (jjfU (jl (j^Aj .Ajj^iJl iTn'nl IjjIjlLI jU£jlj Ia o^j^jjja 

(jl (j^AJ . ^JjJolSIj 4j^) 1^)£21 ^lAj^alill S^jj^Ija AjI^j 4-Uaj (J^ jaj <j£J 4^121 
43-lllj V (j^iS 4 6_jjUa l.Vn n Clljl£ 111 <jV 46^)Jj£ <I£jaa Jj ^JnVi'l alA 3 jC 

. J*-21 (_£ Jjidll (Jj^JUjlll ^2 Ia AIjI ^J1 4_jfLiAli}.21 CjV JA'S.ll 


J1.2jVI J..^ **n'l *U2l jjjiJ JILuaII Jcli21 (j a jjj£ 4 UIJ tcilliA tl^Aj 
121 c, ^iAx-a 21 S^j^Jja ^x! 1 a u V ctilll] Us J .^aAj-£a 21 ^3 ^UajUjaaII CllV j)A^ll JLj.Wj j 
j)C <3 ^)*a 11 (_jJaxJj 4^ jVl (Jj£joi21 L&IiaI Ia (__^1a tcdll ^ . liA <jJaj^)XAll AJaLuijlj 
lA3ic ^jJaliudj UjU 4 I^JIaxLojI <JC^)]1 1 V^aj ^^lll HjaII j)C Ia S_j£ 3j 4C!jV ja*s.'1 

. ^.U.qll (^jjjJl ^JAj-alll c .^21 
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<Lui : 1 1 — 7 


isj&to 1 -4.2.7 


lijl cilli ^jaj .11 — 7 (J£aa 3I jlLk^fl (Jj'Vij (Jj\ Vill <Ij£ Jj jV! 4-iA^j 

CIjV cJ^l j-a (t^Uj Jxj .aiK^ .ilj-a jl SjLa £-o ^^jIjujVI (Jj^jouII jn* ‘i 

t.*’ 1 a\*,a ^Ac- 1] AjjjiJl (JJL^Iill j-a <C-^a^-q ^.I^^Ij ~l,q jui^a SAW a!1 

CjV^a^-j t CjL^lj^jV I j J 1 a t<c. jY^a'I Ajj r mll <j\ Vu^i (dll jialjlj^ 

cillj (_5"^S . 4 ja'W CllljjjAiai IgajA-^ JJL^ill oi& jl .^clj c4 CjI22jj1I J l^\jt-U^\ 

oiw^i <c.^a^aj £3jSll (__£-!£• cS^SjUaII (JjlvAl djLijliii] <3A]I ^ j.W (Jax> i c jj^plii lijl 

Jj^jod c^U^j l 'qj^ (jl ^ vnj .(j^aLk J^.1 j-a CjLIVu^I j-a 

. ^ ut/a A1 cijLilLaAAj jl t j^ajHaII 4jUL ^jiiiwJI ^iljloJl <j^)1£a £_i La^j t 'lfti j^U. 


^ JjWMI 2. 4. 2. 7 

- ^ ^ ^■^.Vl o^jj^ixu ^3 C * l-2klj w '^~^ all 

J> 

Axj 1 nlc. .12-7 cJ^all ^ ^LaI^JI Ajj^jJl <j1,Vu^V1 CjLaIaa «1j.Wj Jj (Jj\ V‘A1 l Ogj 
* , > 

W=4J (-£^ e> (jli^Vl JsLajI t ib-ajj (. 4 A.C. jV'IaII jLi^Vl -lal_Ajl ajIu jl 
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^ill £jLClll L-iILlIaIIj ^\x'u tJlfLoll (JaauJ ^gJc- 4D^LaoJli .Aajaiall Aal.VudVl Calja-CLAJ 

.Aaaall ic-jala A_^.^)^. 1«1^> jad d al^^ala ^LaxJI ^jJaluij V lajl q^lu 

(_$ jaxudl Aaaall d^A ^x-JaLajj V C n^a 1^. Aallc. A-lj^dl Cajl£ lij j’IxjjVI 

^all Ss-Luidl A_-aa3 ^9 l.x^i^ljjj AaSljJaj Cjlil j^al ^g. jl ju (jl (jj«^J A_lj-<idl j)-G ^jCiIa!! 

ay 

(jajjl9 jjj^a j)l ^.at./n .^Ijlij^U A_*jJal_L Aaial ^^Jo-dl Aajaaall Aal VuaVl d jLuj Cn 

(j-o t jl (jaildl c > nVn c. \f\ tdjxa Cn*vj Cal ^ jail j jl jaA^I JaLda £9 jail ^ic. 

> ji 

£-9 jail j-a Aaladl jdj jl .A_dd_idl AalVudVI jj£l*jj !3 Lg tdli 

^jJaa .Aadadl jli^V! jaalx-aa l^ajjtLa Ja9 AajajJadi A_dj-d t A^ j'ndl Caljl^d^la 

y 

4 l" ' 1 1— >\ 1 jaa Caljl_g_^.VIj cg.1 WiVl Cald^dj cc-lddl Caljl^d Caljl_g_^.VI o-^A 

o jdc- .^tlj 4 l_j jaxll <J j^* j <Calc.lj£ll J ^jjLudll j L_3jiall jj^. Cal d^-^-VI j 

> * 

Cj^j-<l^. (Jaj j^-aa Aala .^l‘nl Cadj-ajll Jada ^^Ac. jajjlii jj£a jl ^Jx nj tdli 

■ ^ -^ ' ' \r. /j ' ' 


3 l aL*J> 3 jl •-■y 3 lyi. . * ..N J. . >J W-! 

LlJ*Wfl , 

e^Tf! ov*-** . 

j> , 

<?u 4>y . 


J ja^jlt j**aUe : 1 2 — 7 


(jliiVt JA^a 3. 4. 2. 7 


4 j. Vw.-V i ^Cji jpiai jij) cilia** 4 _i 3 (jjiij jaa «• 'j^k dl j Jxa jkj 

Jidl L<d tAa ^j-gjulaII jl AajC-jdl 1 ^ -a^q \ j**i\\ 1 ^ j\n. 1 \ \ i ^ -n. ^all A^. jaLall Aajjaall 

C ( A_UL2k c^l£ 111 .Li j* Jiai ^all lj] La J jaVI ^ O- ‘13-7 
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(j-o ^Ic. A 0^-J Ijjli C'L^^-GJUd-Q Cj^l-^-a ^^g-S 4x3lj A-j1>**UjjV1 

3j^" j ^ ^joi ^-gII ^j.Vu^ill ^Jj (Jj\Vi ^j.Vu^i ^j-G ^ j^^Jl ^c- 1 1 — 7 JL^ll 

^_l*j o^A ^jli i^LGj-ali]! >>“ ll i\JVi>o ^j-G U ^)jJal_^Ji ^ixu-salill tJ’lgVn ^a2 Ijj ."^)l_ig_jl 

A-lb jl 4_nj JjJaSl llsJ (jl C5^*^ ^ ttSUi £-g . JjlikVI ( >. AjC. 

J ss 

4_mll (jls t(_g j)j nil ^Ux/i ill ^3 (J-gLxJ! ^A — ^1!1g — 33,9^ U^ ^] •^J)3 ,a 4-J^xp 

3> ^r.'Vn^i'i lijli tSlljA (j^J ^ 13 chilli ^aj ja,x^l W 3j-^ U^ v>J 

t ^ 

^133 ll£31^j 3 -g!1ujj t ^j_uj . Lg Jl 2». ^Jj L-IjjU^-g jJt> Lg 3_^ ^ Q l »** 1 <q<qx«^ .13 4_mll 

£ 1 3] ^ (J^ (3^f^ ^ x nj . 1 ^3 AjujjIIaII (jLgV 1 <J-al ( - 5^ £ - r 

^0]j 6 ^LlxV1 ^J^-g^. L-ll^a^Vl £jJaj C>^3]j L_fll^)^ji C>^3]j 3^3 

.^cJl fc^jdj^)]! I. nVi (3^-1 ^j-g ^.x jrLi JJjp 3 -0 C_jl^)j3^n £-*Jaj 


? -J-*- J ^tiio ^ji |My| I ** ^ -^ - - Jk . 

fb^^Lc LliiOiJ . 

Tj^iU Jl j»* V cAujS » 

TV^ijltCjLi^yi . 

JfeJjJS^Ji 4*1 . 

cjaLL^i J_p.i4*yi . 
tjj—pl Jj^jL^y • 

jjaAualSI (jliiVI JjIsj :13~7 JSAll 

■ Aq^-^ -a j)j£j (jl (jlii.yl 3-° Px. JjVl^a JaUft y?!j-l! oLa ^)LgV^ (J-gI^xI ^J^S^G 1 

AjjL^. *\j>\ jl (3li^j AjJL^. 3 j\ ^-lAj-aillj ^aj^j lg \ \) LgjS 

^jl t. > i^j f.\ j)\ jLgVI (j^ (3° ''^\, u ^ L3^^j 

^x, \h cJliLJl cJ;ifwj cs^" (3^^*] CjjI j 2 >A cdlj ^j-G UJ^ 

. a ~\ \kks-i ^-Ixxl £.13] 3^°^^ cJri 0 ^’ 3^ U-J^ u^ £13] 

Jj£i <jjIj3p^^ AjI>**Hjj^U 03^-^^ Ax-al_k]l JJ < 3 ^ 1 x 11 fiAA L_nx 31 

.( 4.5 o^j^i ^\jt-p^\ <J^g^. ^j-G lS^ 3 3 ^ V l^^Axli 34 
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lg_&] j Cxj A^LCal aJ^^* (Ja Vi <jl A_a_iix-aII (_j£aj tidli 

^Ixdl (j-o Laic- j 1 .’'m'q'i ^)li£l AjaL^. JjaaII ^Ixdl Q^fL tlc^A j .AjJaiViA ©e-Luia. £a (dli 

s > 

AiLoi-Gll jIcLg ^c,\ c^jLgV^ (JaIc. udl^l 1^9 j (Jjl^VVl A * n3a (j^» Vi . A_a_iix-all 

> * 

aJjALg A_iij cJ^-^ (j -0 (jIaVI (JaI^C- 1-^jl (jj^J •(J^-^V^ 1 ‘i\x^q‘i (j! ^.atnj ^lill 

.aJ^aIa ^jjC- A_mj aUsCia!! (d]j <_ja ^.Ic.1 

^9 Ig.’ic Aj£^a11 ^9 <aliV-G tA^^IiA l_jI±ujVj c^Ia^I (JaI jG’ UJ^ 1 1 j'ac- 

S ll > 

"A_iaJ ^a" L^-ilj i_)l-aja]l ^aJ illj^jla Ax-^jola AILgjS C.AC. jA jLgV! (Ja 1_C. (j] . A Vi. "i at a 11 ^Jnll 

(Jl a! <_j^aJ • O -0 (j^XA C5^ (JjliVVl Cy* (J-^l^> ^ Vu«ol <C. jV'iaII ^cjlliill ^jjCijj J-p 

;C1jLg^^^.j tAjoLlx-a dll ja a~nj t AjjaViA C* lljatA^ ^j-G (jjV’iAA ^jJaj ^j! A Will oCA 

■“ # ■* f 

^ dil j A_L-aj (jAjJa ^C.^) J (JaVi o^j. 19 A_Jl_a. ^^9 (jLgI (JaIc. (jl (j^-^ . C* ll at aL^. j 

l_jIjjuj 1 <d]j C^auj Clili aVi.^xa A_L-aj A_lLa. ^9 Ajc- L q1‘Wa Aj£^a A_nj ^9 

y 

bS La (jA A£-j'u/ia ^C.^)J Cllli A_L-aj ^9 (JaViII ^Ac- o^piill Cjj^ 1 *L5^ 1a£ 

jj (JaIc- c . V^'iH -lie- Ca. jJ t <dl A ^Ac- J^tc. • (jplx^ll ^9 l.g *ia Ia^aC- Jfll Aj£^)a 
Ajla t ^a jj'iaIVI ^A (_j.1*a 11 <jl£ 1A] . (jCaaII ^9 A_±a Aj£^)-g11 oJLaII ^9 Cl 

^_j^aj V ^ Cj A q)ViA (J_^. ^ jjJadll C1 j1_jCLg C^.jj 

UJ^ 1-^Aj CaV i] aLIS (_^1) (brittle) Ail ^ J&\ siU 

1 u*ii Aj£^)a S^Lg A L/ij ^9 Aic- ic^. 1 s1"i-\a aVi.^xa A_L-aj ^9 C* u'iaI ^jLgVI clrA^ 

A_1ja1 -1^.jj .^jaI£JI (JjlaVVl ^^Jl] <_5^ oCjAxJI (JaI ^ xll 

AJjUa Aj£^)a]1 jI^aII o^iaaII (d jLJl ajl c > 1 Ujjj A_^j1_»aa Ajt-uia ^ja 

s * 

(J^.1 ^ja A \*Vi IaC. A^IILa Aij^jlaj Aj£^)a11 cI^aII ^lidj ^aiij ^jl Inlc. ^it.in .^j^IxaIIj 

. A qtiAi a (jIa! (JaI^C. cIaIc.1 c > uAiaII ^ja ^llilljj c^jCIxaII 


. C jjaIaII ^.\x qli ^.IcVl Aj^jIIa Adl^^j ^A JliaVI JA 2 ^ oj ‘' J^-' 

# y 

^jAx-^a'iH O -0 A_iaAV1 ^yp 0 ^3^ JjlVi tlc^Aj 

cLg A_nj Jj A ud'iIIj Ajix.j 1a l^_i9 Iaj t^jlaVyi (JjlVi A_^.jl J jIjj ^aJJ .^jCnll 

. ^.jAx^ill ^jjjIxaj djl ilJaiA (J 6.7 ^9 
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JjLutiH SjIc.) 4. 4. 2. 7 

t * ^ y s y 

jl ^-lAX-fldll CjljjilLQ j)A 1 KS-XX \ J-i*j jl Ia 4_ml SaIcI iA-LaLaUJ 

A_nj J^.1 cl) -0 tCliLolc-Jl J sl2VI CaUIajI j 4 CIjI^LajoJI Jja 4l_gx_iA^. 

jdljl jjjixA ^-Haj-^Ai] (jl J^l'sV .^UJI (J^l jA <a$.^Ia jj£l 

ft y 

CIjV AjjuuIIj Ia^. <jJai^-Lo A_mll S^aLo Clijl£ IaI . (jl . \^aa 

y 

(j-Q A-lLlll SaIcI 4 L_J^L^a11 l " ^*' i‘i* ^ 1 ^ .a k -—i'\ A3 Ajjjll fiAA jl^ 4 l_g_llc- 

t t y 

jj3 j^fL 1 gAj^^*' jli ilA^. 4_ii2l S^AiLa Clljl£ IaI 44 AHA £a . I^I^aLo aAljj (J^.1 

. jJjAJI ^l£ 4_»A3LiA ^lluj . L^JjALg (j-alijj 4. Og.i l.g \f\ oAlcj ^ x, ) n J 4 4 _J jILiaII 

.(^j^iJl ^lAx-ailll c_ila ^ 4_m]l (Jj£jIo11 SaIcJ (jl l_sjjcI 

jA Ia Ic^j liA ^. j Lijlj (_£ j-iij J^.1 (j-o Jli^l ^jj'q'n l^jl (j^ajiiiil 

jjfLi .^a-lAj-ajll CljlALalA jA j! A^-l ^llla (j jfL jl£ 4 (jlikVI 

(jl 1, n'c 4 4^1111 ta3j . I^jjAAa aAljj ^Jl±lij 4 4_jj'3-i < qI 1 4.“ iVi 4_mll ^ja*..^i"i 

y y , 

4_aI£ (JIaxjjujj ."S^aaaII SAljj d^-l j-* ^_^2I Ac- 1" j ^ ^juj^aII ^Jtill jjAu^'l 

A ^ \x'\ jl o^jAAaII aAljj] j^Aj • l A^. £jaI j\\ IaIAxaj LiA (C3.p^bllity) p^VIa" 

(_j-alajj ^ \x\ A3 o^)ALo]I aAljj jl cAHa ^ '^,j .L_fll^)^jVI -laj^jjoi _jjjje,*i L o^Lai^JI oAljj 

y y 

o^jAAa] I fiAljj ^,Wi jl (j^-aJ . i^lg'n^ll ^lAx-alill -la^jAo a^i^VI oAA d±il£ Ijj djlil^^JVl 

lc jj l.'nlc. \\\ 4jI cAUa . jl jjAVI ClilAAjj *^Aljj jl ^L*ajVI ^aIj j Ljajl 

= , y c 

(jA ixj 4 .” i Vi ^1x3 4-_ic^)j A3 .Ajj^iJI 4 ^jIjAAa1I SaIj j j^.1 j-«a "A-mll jj^ATi jl Lo 

. (jilLall ^jJaj ^Jl ^Lmll A (_j^a^^A jjl jj < U^j j- 0 (J-^IajI 4_fl 

(J^jaII ^3 A^l ^1 ^lAx-salill Sjjjixij ^3 ^JL^JI ^lAj-sajll j^j IaI 

— A_mll liilc 4 ^ -n. ^ 4 aHaI Ia3j - 4 * ^jU-»^\l j^3 A y\W ^ jj£j lAAix3 4 1 1 — 7 

y * 

»U ^jjVi Ajju jl 1, n'c .(J 3 I jj^J j^J j '.g ^i^’i <!^a^JI (Ja^j 4.** n^k \ ~ 1 aAlcj ^ I 

(Jj£joU oAIcV Ia (_^^)^j jl l n'c 4^^Jtilljj . (j^q'N ‘i-a'l jj^l lAA (J^l jA Aaiill 

(J£joi]| (dj 4 (Jj£jou]I aAlcj ^l-^jl Axj • jj^l (_^ j}- 0 

aja^. jVI Uja] aS^ 4AUa j 4(jli^.yi cJj' Vij dj'v'" (jil jaII (jj.Vu^i'l j^j 1 1 — 7 

<j\ Vu^Vl AIjLaIxa AjA^j c. <aAg,j (_^^)^-l oj^ L§Ha^)j djj jjjuJU ^LiaSI 1 n'c . A Aui] Tn 

- A A n' -A ' I 1 ^ A\ Q \ 1 Q 4 \ J)\ \ ^' l 
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(Jjl V j JjIVjSI"" Cjaj <jl 1 g \f ^ Cn Cjc. 1 4_mll £-a l.n'c. 

s * * 

kkcj l (jl^jCll ^aLoC . CjC^. 1\ (Jj£j^o 11 fj&j (jlj cll-7 ^ (jlLkVI 

Jj C > 1 jCxl‘l ^aJJ ^ 4-jl-iC. J Jjl^VVl u^ ( jl ><a'l ^ 5 ^ 1-^ ^l£l!) 

V . AjqjhjSI ^lAj-aiill c*il iUVa l3 ^. ) . j lOj cS^l t&js ^lly.i <^.jdl 

« > f 

idL^ljl ^*Cxj 4 j Wi Ia AaIxJI vlLVl ^3 -laj^oJl a.CA (JjaI .4 ‘i^aaII (jjl^lall ^ja ^Ij 
• V jjLj 4Cjj (jl^ lei ^jax-VlII 1CA jjkj .idle Cxj . ^xixu-alill c**ll iDaXa L> L^V ^Ja i Ail l 
c > i~nj ^OAj-^alll Cj3 a^jjUall ^jjj jl Cljjl V jA .\j_j_jfl C3 j^£j jl j^AAll jA 

a^jUall Jx^. ( ^iiadjaij jls .4x« jV'iaII £3cll CCLAIsIa ^ 1 Uxn tV]j .1 ijxa I jl«&a jjlVL V 1 

^A IjLCaall aCA^ 1 ^}^. ^Ia^j . L-Jj)\ 1 ^a 11 (_£Ca 11 l^J j^l} j) ^1 .VjjjIIiaII 4_C.^)ja]Ij 1 

Ia ^)XxV jjjll jx^.j ^lAx-salill C* ll .i1)Va ^ja'N jj V Cx J . C* ll jlVlA l.x^ijl 

^lAj-alill AuIaC- jA A-uiij £-^^1 jUul j^AJ .^lAj^alill (J ^j 3 jC. j!}l_C.Vl . j^AJ 

^^vVl ^iaj-£ 3 j]I ^_a 1 xa 1 j^Aj .jjjll j^c- ^-xJalj (parameter) vaIxa jjc. 

dAA jA La 4 _Li1jj jl cjcVl-J AJalxIiA A&. jVia IsIcaI jj^J jl jl i4_al^_ill jj^J jl aAA 

. ccIaIxaII 

s= ? > 

^^3 la^V Ij-qL<ua 1 j£jj J ^j.ax^iM\ aJ^.1 J a^)jj-a A_ujI^jAj L1a3 

it t i 

ajj^ixxj (JLqj .Aln^uii A_mj <jjlLo 4_iij ajlc-J 4 jqj^ ^.Ic. 4.7 o^ili 

a^jj^iioi <Jal_uiJj o^aill aAA ^^3 (J jllij . LLoLoIaI jjJa^-o aAA (Jj^> x'liMl ajlc.j 






{ij *. uVW ^jjIjSSII AxjJaH 5. 4. 2. 7 

(_£ J\~\ a £_a — ^jjmSI ^lAx-adll 6_j ± aa AjJ^)£j 3I 4_*_i±UI ^jjJajj 

.A^^ajoi 1 l - 7 (J^xxill lil xi n . 14“ 7 J^x-Lll ^^3 ^lAj-salill (Jj\ Vi 

.Cl ^ JA^.\\ I ^JA pl^j) Aj^\j A J^lxll^H ^JAX^I* ill— (Jj\ Vlll Cljljl j£l ^^3 

^3 4 _iJaj^)iAll ^lAx-alll CliLAlaiiA V IaAIc- .^liVVlj 

ft !» 

(lj U i^ja Ia^aC. dil ^liillll aCA L_al\jj . ^jxQx^o'ill c > 1-^.j <jli .(jliVVl cJjl Vi 

JIa cl jaII i^y . all >/r\ ^ 2 ^ jl .CIjIaLc-cII Clllol^ill j CIiI^IajoiII (Jja AjjujAiA CIiIaIxa 

* f 

aCA .Lxa cl ^a! 1 ^j-alL-saVj Vujj.ViA c" ll a\xa (3j jl .(_^^)VIj ScIa (Jlcilujl 
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£-1a^. ^aJJ 




o^jj^jjjoj q a>.^ JjSIajSI j Clil^jjjiull 

. A 'Ai il l L ** ^1 \ \ 1-1 \ A 




*A Ci^^J 
• 


[ ^ 1 

E ^jav>oJ | 

% 

J 

d IM | 

I 



i | 



5Jouu^ ^j4.>^ll JjlVi jlj£j ljIjUc- : 1 4-7 JLuJI 


lJIja! 5.2.7 

L_fllAAl (jc. ^)Jxj .A_mll j^/j cJ*^ 1-oC- cJ^C-j ^aAj-alill L V^A 

A£.ja^a ^A .jjjll J t i A 3 jj^a^ll 4_I V ^ t u^ ill 

S •“# •“ 

fi^pliS (jl jl Ig^Vl (jl 4_m]l C5"^ ^lAx^alill djluUaJA jl s-I^Vl djluUaJA 

* * * 

A-ilj <iLjaA ^j! Sli$\ oLi^. <al£j <al£lill . 

ji 

4jlgj ^jc. 4aj3 l^\ 4_1a ^^)iaj 4_mll dLr*. (Ja^a J^A-k <jl jx^ill j (JjxjaIII l_Li!1£j 

j5j qjjII ^■j j ^ a j U-j^ l-ol *2.3.1 o^jiall ^ Uliajc. U£ t4_n2l SLi^ 

.IajoiL^, *ia! 1 Jjjjl (j^5Li S^jUall (j-Q 4_jl ^x^i\ ^]l ^ja . Ia^a V _jl U-3"^ 

t4_njVl cJ^l O -0 ^ .<jjLjaa]l C1 iIj£^}a]I ^9 Ajjjli AjaAIj iaII (j_j^ ^A*n 

LaIij 4C_fll^Al o^C. l^J (j_j£j ^ I2lc- 4 q )3^ ^11 (jl Ja^.V . 1 AgA ^IaIc. o jlc- jjjjll (Jjaj 

.1 Og.W (_£.li^.j <al£lillj (jjjll (j-a c£ UJ^ 
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PIjaI jl jl cPaa Uflj Vmll t ^\ax^'\ ^ I tVlPI <j£-aj 

(JaVI u_j^ c^IHaI ^ic. ^jl ^jax^MI PIaaI <jl <^i]^ ^p*j .4j^\iill ^jax^MI 

> 

<C.^)j-all Cjjfi*- 1 (jl jl .Ia jl^jj (j, *'}'\) L-Ajllajil y& sAWa 4 -C. ja~n.a (JP ^ja S^jUail 
VC-^jjaill J^l'qVl (J^.1 (j-a ^1-pjVl-J ^1-Ajuill £-a cViaAI L Og.ll S^jUail 

(J^l ya o.^ Via II Jajaj^ll Jjkll ^jJaxJ £a Val£lill ^jjju-saJ ^aJJ j)l (j^AAll <jAj .SJ^aaAaI! 

^-lAj-a_lll t alAAl t.\j\ fijAxs^") i^\ (jjjt_$a ^,jt, Tn ^(JI^^Vl ^a .jjjJI jl t$.lpM 

•U-j^ J ^ ^KMI J t Villa jll vT^Aj lpC> ^)JAJ ^jpll 


$.lj ^gi J^> cViAja jjxj Ajfr cjjjj jA ^lAj^aiill vL^- 0 

pjj ^jaa^-Vi Ja^jj j)^5Lj <jl ^ \axsi ill j)^Ai .8 1 J^l ^g3 La^ 4^xiAx-aj]l 

S^jSLia]! PIaaVI Ap j)Ap .^JaLill j& ^lAx-alill djl^)jiliA y& ^\ AjAVj S«luaJ 
_JJJ».*1 (JjULa lg» a (JaLxIII taJAA^jll l” llg\^A AjjA AjAVj (_g^ ^lAj-allll 

L<ua dil^l ja SAC- . W'Vi l_ s^ja t I.V\A j . ^lAj-adll SjAj jjjj V ^^gull CliljjiliAll 

j)A ^)IA£a (Jalj (_£jpll (Jjjuaull j)A ^ja 3 (j£ J^l'qVl ^jJalludj c. \ f\ ^_lc- IaLaJC-I S^jUall 

(J£jajj . c-Ia^I ^gij tAjjL-aja^i A jSjjI Villxi 4 <_£Aa 1I ^ jili cjjjIj \\xxi) t^jjjll 

* 

^lAx^alill <^.^-0 \ Uai i tAjjLjaa]! CjI^^aI] (*£ ^jx,xs*^\ ^L-saJ ;(JjLa-q 

dili ^1 ^a ^Vu*ii ^jl ll^.lLa ttilli i^s^ 0 » g-1 ^^Uaj <al£j] 

&\ ^lAj^alill i—flAA Vi (j- 0 ^1 yl\ (_^1a t^aiViA (jJ)JJ 

^_j£J ^ iLo^AC- ^gjj Ajjudi]l_J A-ujI.ajJ'N pi jlixJI jm'i •if y *^VI U^)-3^ 

^ ^jlUsJI <c. ja-^a .o^Lud^Jlj AjIiIaI] J£p ^LujLul^. L^-oUjial } 

.JaiuJall c” 1*\'l ^-IjpVI IpLiJaC-l (Jaa C > 1 u*i 1 o^LuaPl A-ujLoi^. 


xsi\W djl_^^.^A ^jC. (JI!1 a ^)J^laj U^ -0 ^ 


(_> £a ^ ^ C ‘ ^ J -v_j^aj> 

I^Jjjlj ^C-Aa]I ^Jjoall ^-lijjl C^WaJ tl-lAj .15“ 7 (J^ x'liW ^a <aC-Aa!I Vi. jilt C-l W 'll VjlllA 
^Ul ;VaIc.^ 1I <]UaC. ( >. 4V^.^11I c-lli-jl AjIHa ^gi \jj3 

o^jiill Plc.^lll VaiaiA] ^pl^ll VpliA ^.Ij^jVI VjtiA l^li^ 6 JJ*^ 


^JCLd ^ -^— ‘..1 - 1 " -a ^gLp Llj l_P^ 


( ) 
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•((’■’V') 


A^Lajuj ^jV ^JaxVi AV^a AaIc.^ 11 ^r jVl A^Iajuj (Jjaj V £a .^2.4.7 

A^Iaja q\ aJjIaa Ajilaxo A-a£L^-o qa ^clilluaj . ^jjat xs-i g.1 WiVl AjIua 0-ijaull 

Ajj 3 C' )\ g.^^A i Aj^aII CjUIc .^31 ^j±i Aix-alili AiLmxilIj j tAijoili 

(jJC-lj Qj^-j (jl l.nlc- . ^ja^Vi AV^a C5^ AjtSjill A^Iaja IaI 6 1 5 7 

. Cl2Ali]l ^ojAaLill (JjWi ^ja a1^.^)a ^2 ^lAx-sali!! ll g >^Q A*_nia] 




fc 3 


ijjj 




nr 


<~ ^ i. .... <<SL(»u 


L 






; iiiiji j iA* j 2 l yd\ • 

r V 4 * **^ ' • J 4 9 n U..-J ,i.^^ > 4 ^ j* . 


jC <. t ^ 


» -H*> . 

5 ^ i*J . 


5 ^«U . 


SijiaJl 4 ajIA : 1 5 — 7 


JjIsj 6 - 2.7 


^JJC. — ^^-ujLujVi (JjWlll C5^ ^LAj-aiill (Jj\ V ^Uaj-saA ^.W'u^jJ 

■“ # •* 

Aii 21 c > i«,\j V .aIaLaII Aj^mll ^jaa^iMI ~U;Ajg ^ 


^jj^J ^Jludj (jVi ^Jj\Vl\l (_J^Aa 11 »l V’WVl Ajal2Vi ^jA^Vl 

(J^joi ^gAc. j\ V ^jAxVn <jl AjjjjJl A_ml] ^ AAi.Vig '1 ^aAj-a!ill ^^Ac. ^x/n tiillA £a . (jljj 
# * * 
jij. w“ill (JV ^ja 1 jV'iI^ia a j.wa '1 CjIb^IxII oAa (JIa*! 1 uj 1 c t i~>j . I.jV'iI^ia siw^ cjISIc. 


Vi O^aaI' L>° .Ajj^iJl CjI-AAsIaII L^Aa^Ija ^aJ tAjjjjJl CjIj^aII jL^jj A c5-^i 
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4 4A.}aa 1I ^g_AI ^ 1 Ag a ^jax^AI (Jj'Vij ^>ja x^'l ^jjj j jjaAI 

. 4_j£^a A ^a ^ja ^c. j) u^aII ^g_AI ^3 JUJI ^A Ia^ 


t_Alc. .£^>f^-ll LS^" ^^C«VI AA.1aa 1I ^giJI 

tllVjUa ^jJc." ^jjjJj ^>J (Jj t^ Ua.V'g -a 5 ^jl-aa m< II s-VjA JjaIj ^JJ jJ (jLli.Vl 

4_^j^)a1I j <JaJjuAI ^C.l^a]l oiA (Jja <j£^a!I dlLy V tt *!]j ^a ."(^jS) 

^_ij ^a 1 ^,'u ^)A!ij Ac. I <j£^a 11 ^_ij til^Loij (Jj£auj ^jV 4 <j^)^AI j S^A-ll c5^ Cr ^ajIAI 

# ■* > » 

Ai\L \ l <jl 4_ih£AAI ilil jLikll j til jLAI ^ CjI . AaAl oiA c > ilJvin j .4 A.}aa1I 

.4_nJ! oj^jLIaII ^LAyi AjuI .ij.wM ^,qj->‘^'l Qji LuiVI j^a jA l j^nlAiA Saw a ciillDlc. 

4 J^j’ll ^Ja'1 CIiIs^IaII (JjiLj ^Al (_^uJU£a1I S^)j j-aJ til^)£ij <jl ^xIaj-oAI ^ilaj-aA ^gic- nj 

4_!l_^. ^j£l J£jaj J_^jljJC.yi ^ajg Qa'I ^Ja*j 4 till j £a .AjjdL A_nj ^\ak^x\ ^ja <C.I^)JJ 

^^Ic. 4_AjlAI .iC-ljAl ^JA A^jA^A V] ^■ > W AlJ V iLolAl^A S^)J^)jjAlj (_)jA 4 ^AtAA (j!Aj 
jjAI ^Jc. cA&ll Iaa ^jj£j3ll 4 cillil lia j .^lAx-saiill jjk J^.1 ^ja S^kll 

."^lAx^alill JjUA ^ILix-aA (JIaaIujI ^C- (_£^mll ^JAx^MI S^)J^)Jju 1 ^a ^JjWlll ^gJ-uLjjyi 


.W ^gic. <3^11 a j A_iilalA 1 nQj ^A LiA l^Jjllij ^ill ^oax^AI (Jj\Vi ^J^I^a (jj 

Ia£ 4^gjl^ill ^ lAtA ^1 JA-Oj 4 JA.j.1 jIIaII ^ jAJu'lAI (J jl 4 ^ \ 4^gJ jyi .-\)AtA \W (JA^j !^.I^JUJ 

> 

jAaj ^a j 4iij^AAI J^ljAl o!a (Jjj cLila^li^yi ^JVI . 1 6 — 7 cl^-^l 

. <!AaL^JI L^AIxa ^uA^Aij 4_a^joi till j ^a l.V^lj 4 l_^_>ui3jj lgAiq ‘1 






] 




jjaJAualSI JjI&j J^l >4 :16~7 JiuiSI 
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l/M I 1.6. 2. 7 

iVj (_^1 tAxljxl 4 _IjL^-aJ Ia 4jj 4X 4_ml J jVl ^lAx-Odll (Jjl V 4_L^.^)A ^ajkj 
•U-j^ ^^>*4 cr® Ij^C-LwoJ (^jdij (JjAV JjVl L_JJ^)£i]l jl £_iaL<J! (JA Ic-jJ 

£. 4 qj 1 1 ^ ^**<1 1 4 r. ^y^l l j Iv^l l l ** 4 ^ 1 a ^ jq-n.*^ ^-n. \ 1 * I->q 1 1 ^-> 4 . i a . \ \ 

jVl £-^-*11 lx 4 _L*.ja]I oIa ^^3 l.x^ijl nx'i . 17 — 7 (J£ja 11 ^jjib 

^ (JaLjcIj Ixl Laj .AjjxJI A_mll 4 L'K^all 4 qlVill ^^3 jjI AJ Uaa t^juVill (_£ j.1^. 

; s! 

(JIa*!1ujV 1 C-W^ 0aIj^}J l^*^ (jl Aj V t I.JUjj'i aJ-ijxaij 4_iij £_a a1^.^a]1 o 

o-Ii^j 4_VI_xa 1 n^'i .13 ;AjJa^)l*Jl J^aj 4_ll_^. ^^3 l_A^t ^1} (j^axj ^3 j . (Jjl Vll (JV (j-Q 

.(_£ jdiJI (Jj^JaoU ^xjl 


(U-jj) ^^^1 AjIaC. l_jjj^)J ^^3 jVl ^JaLa]l 


A^^)V1 (Jslj a)aj>Vi 


JjlVill ^^3 .iVj -Ixj ^l.^VuJ (JIa"iV 


^4 qjJojj ^»l_lai]l C** ll ll.WlA ^^3 ^ jVl ^-laLall 


^4 qK* ill^ ^ juVlll J jVl £-LaL<Jl 


J^a J a a) 1 ^JjjujL^. 0aIj^J ^»1 


jV I ftf 4^1 It J^I^j : 17 — 7 Ji-uJI 


JalujiAil JjW"i 2 .6* 2. 7 


Aa 4*J .AjjlVll CjLjjIjJIj LjLiV JajoljlAll ^JAX-Vlll (Jjl V AI^.^A ^^XJj 

* * 

aIVaII (j-Q . 1^-iS (Jaxj (_^jll A^jjaII jl 4xl uVl (JL^a ^_Ix jl_x3 aXcixxaaII (.** il, VI^^aII 
(JV (j a jliixVl (j-i*-j lAiklj ^ja^Vi" Ax. j Via 11 ^jAliAll (Jjl V ^Jlxj LijJ iAjjdlJl 

^>jaj>ViH (JjlVi A_L^.^)a ^3 oil 1x3 Uaa l.^i W ij A3J ^A^l 1 ^-a1 ■ W'uj,)' 

■'JjH 
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V 0 aIj^)J 1 8 — 1 (jjju Ia£j — 4 _L^.^)a ]1 oIa Aie Ia^aC. Wi (djjui 

S-Jj^luj — *(,5^ jVt ^a-lAx-alill (Jj\Vl 4 _L^.^)aj <J^)Ha S^jAAaj 4JJA ^jj£! IIjjjaI 4 ^ 

iAIIj ^ja-n jji Aj. Wn “ <C. jVia'I ^lAjdill ^jaIaa ^jjASjj ^caI^JI ^ja lAA ^al AVu J 

. I'iajaxViI ^4qj3a j^\ 4 4 q Will Ajjdll dlAAVt ^ <ja31 Tia '1 ^jaIaa!! 

^^3 dj\jj)^A\l <iajjau]l ^aL<u]1 q^ix,\ j)\ /iV j £ii x^djj fjkj <jl 4 _L^.^)a]1 oAA Ad 

(jj^)AJ A^)^A (j^£j (ji (j-° VAj Alixslj .ajA^Vlli C1 jIjUa 1*\ (jlj AV'iII (JV (_JA 4_d]l oAA 

.<11x3 <Jjd <d Jj Aj£j VI (j^AJ C5^-JJ 


VkoiaLlA ^ lAxVi ^JALsaI J iN'l 

• 

p lAxVlli ^jj^AJ dl_^_^.^A 

cJjN ^ (JIaVIujI (J1 a*i V 

^dila A 1I3 U-5-3^^ C5^ ^aI^aII 

• 

^ j^jaaII -lajai^ 1 ^ (JIaViujI 

• 

4 -n. \i t d *i» \ \ 4 It u .n jIaJ 4__U^Vj ^ t^i'n < 

• 


Jou^jIaII ^a^'W : 18—7 JlAll 


3 . 6 . 2. 7 

ULiV 6 jC-AaII 4^lgAll -a} A xVlll (Jj'V ! O^jdVI <1 ^.^)a] 1 ^ l.n'c- ^ X TlJ 

" # •* 

Ldjl IaJjj 4 d^/L-a^il j 4 (J£ja 1 ] < 1 ljI£A]I (Jjj-aLlill Ja^ <aJ ^)A ^.(u^^lH ^xlAj-dllj 

^-ia^J j 4 1 ^Aa j 4 die. 1 ^)ill dLalc. Ail <l^iLk J 4 dLalc. Ail j die 1 II 

^ Ajl J jA Ia£ 4<3a 1I J A iqx'ill 3^ Vrnll <jC. ^A^aj (jAjJa cAUa j ^aUdll ^ dL/lellili 

(JA ^-l^pVI OAA ^ JA^ Q\ A Xml'll lj^)J^)jJa A^xa'I j ^A^aIII Axj .19-7 

JiA ^pal^eVi ^jjaj <£a]I j Ajaxlill 3^ IAj^jjI^. SaIc. ^a A Vi Vi . 

> 

<jl oaa ^iAjdill JJv vL^j-q 3 l<}le • (NAS TRAN) ^-aljjj 

JjLd Vmll ^ Q i3a jj 4<al£j J 4^jjj 3 VujSIHaII Ajjdll ^aaAliA]i Jjj-alij ^ja-n 

* 

(Jj\ Vi <L^.^)a d. VdJlxA ^ x \ Vi ^i^-j (_^ jd ^ jg.^A Vixjjlall vSL^JI tilluA . Ig ajaj>Vi 
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o^SLuAI (JV^aII JXk <_£^kVl ^ja~n lil^jl A3 Iaajc. QjVxa LijV toAA 




. a_LAJb^dll (_]_li^lll 



pjLA*0jl\ : 19—7 Ji-uJI 


SaI^. ©l£U-o CjIjjjAiuj (J^axj jliiklj j uVn Silc. ^ j £j cAA^^jaII oAA Aic- 
— ^)j» Ks-i ^jjIjLq ViIa iil^lnAVl oAA V .Amll <_ja A^.^^. Cilij^Al 

Iajxj l_iAAj l_a jxm ^Ic- InVj ~ Cil jLiikVI oAA (j> i» n li-aLii AuL^a] ^ja 

?4_mll ^ja^'i A3 Ajl ^ m.’i ^Ha . (JaI£ (_^LALa ^^^Ac- Cil^jlilkl ^UaiLouAI ^)A3 
La LaJLc- j i^lAx-adll CLjUILoa £_iaV A 3jq Vi Ciljjl tjLun' LaAIc. ^aJ A3 A\’\\W ^ ja ks-x\ 

* * * y 

Sajac. AjjLilkl ^jl^ila aIIa^j 6 ^jji Ij'^a'I JaI£ Ujjaj Ijlilkl cIjIjjVI Iaa 

.a^pUall aAL^. ^^3 Cll3 ^11 A^A^Jjaaj 

7.2.7 

^Ac. ^ ^lAx-aiill SjaAll oaa ^ jUJj LiL-aj 

* 

(JV^)A ^-LjajJj ^aJ (Jj£ja111 SaIcJ ^ C- j t (Jj\ V C (Jj\ Vlll 

(JA . ^jl^ill J iJajoljlAll J cj jVl ^JAxVi.H (Jj'Vl idiLill (J JjjJI ^lAAsadll (Jjl V 

Ai^^. a cl ^ ji Ajj^ull a \\\W 4 \ : \ ^ ^ Cili^^A ^)L±ikl (j^-5 t^a-lAx-aSlI (J-llV (JV^)A 
^)a! ^jC- ^aJJ jl 1 Atn Ail (JjilAA (J£jaJ A^Lill (JV (_JA LLoiLujI Lg_lA 

. ^)aj^M1 £^)J^)4au C-LjjI ^-A 
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fLaU! 3-7 
4-4J&4 1.3.7 


£.lidjV Aj» JJa]! CjLjjI ^>^-V 1 J Ja 1_9*-11 4 0 J^ll 6^A ^3 ^aaLaVI <■ J-lA*.l.j 

Ia£ — o^Ia J^.1 (jA "^,j^kx^a.\l qJaJI" ^j| . AWa jaL (JjJoj J^.1 <ja A ajL«JI 

.o^iaa <_ja dAIjla A_iiljj — c-L-inS jl AliJ^)^. o^)jlJa 3jlii J^.1 (j-o ^A 

^!^jJIjla]I jl^ Aj£^)a 1I jl^ill ^.uV.ij CjI^iaa L \ \t,si jj ^Jc. AxaIaa SjIa lUon 

A_lij JJ Q A AJjU-IaH Aj£ jLaill CIjIajaIIj JIaJI O^iAA Ig A^jl *^l^k Aj jIIa Jx J 4 AX jiLlII 

qJaa. Ax. ^aJAj>^3J aJLoa JJ jl _^a 1I ^.lidjl (_jX Jllft Jjljj J- 1 a 4 1 ^1^,1 .Al-aLa. 

.'^Ljaa 


flaUt jc 2.3.7 

# 5= > > 

AaIUJ JJ ^x ^1^ 1 JasI Aj^ij ^Jj 1 j« j^J-a j! ^a] 1 JJ_jx a_Ao3L1a JjjVi 
JJ ^x (3) 4<— alJVi c-liiijV a aJ^Ij JJ jx ^2) 4 Jja^j a_j£^a11 SjIaII ^liajlj A_L^all Aijjj 

aI^Ua]! X ^ja Aj^IAII oAA c — Laj ^ ijtu . A3 j)Qx„-iaH A-aj)3V^a aJjLaI 

.A_AjaL1a <j£^)A SjIa C-liAjl J_^. Ajjl^jj 4.*’ ll kQLa cdlj £JJJj 4C.liljVi ^^3 

l< Jl 

Jjj Ia A^. Jj Aj^-iJalj JjJxVh 1-A.lkl (Jaj Jill ^I^aII c-lilijl JJ^X J 

AiX aXascLaaII JJjxll ^_yil j A qjq^kH ^3 ^^A JJ ^xll oAa .20-7 ^3 JjJa^)X 

. (j A xa ^Jx A_j£^)a S 31a ^ Hijl Jjx^iq* i 

Ajj ; JI ClaUnJ^Ml Jj Ja ciA^ J Vjl IaA jliic.1 Tn ^jJaIx Jl 

s > > * 

a_j£^)a11 jI jaII c." )\ qj^3-a 1 (JIaxIj Aj^jJaiill (JIax-V^ aJIx .ajIiIaIIj S^LaJI Iaa 

- ; 

Jj AJIHaII juu^iill j . dll jUall J1 a A jaIja's J^- 

j-alill C!j1^^.^a A_j£^)a11 jI jaII ^3 Jj 6 ^>IaaJ]j jjjll 


idlij £_a .UL5 ^ 


o^LoiJl ^ja aJa! c" il jl JaI jX tilljA 4*o3j3x Clilajaj J^i L>°J 

. ajLiaII^ 
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^IjAaVI AjIxg • 

AjLlg • 

(jsbJi ajIilg • 

Df. \ u)^ • 

a_LLj^£ 11 A-ilsLill * 

C—lxIlAl • 

AjjI j^Jl aJsUI* 

5i iIjSII • 

4 nji^»\l 4_ll jLtJl * 

AjlUxAl • 

AjjI^^JI 4_Jjl*Jl • 

AiKlI • 


o^)l ^)^J1 4_^^)^ A-illl^ • 




j! j-aJI *11x 1 J-aljc- : 20 — 7 j£-uJ! 


^1 qa jj!& ^ ^ U siU (toughness) A^L-a jl 

(j-G £_uj!j *•■’' ^" 1 cJ-a*j (jl ^>J Ll^x^l a.AA (J^.1 (j-G . ^aAx-a 4_1 ^-g^J 4_x_iJaL^Jl 

4xgA1 Clllj Sjlj^JI 4_^.^J 4x j u-gII d^LgII t^_y . ajl >/r\ 4j» n (jj£j 4D^)1^)^J1 djLsk^p 

•* - # # 

o jLgII ajIHg (jj^j jl $.1 jjaV 1 Jj (_£^>^.l ^1 j • S J^ 

b j£j (jl AjjLj^^II j AjjI jaJI (jjxlslull (j^-Gj .SLLgII £.lixl ^ Lg^-g ^LgIx CjIjjjWI 
*lj! CjV^-Q Clllj jlj-G c-Lixl ^ at nj 4 CjlfLuiadl! jia*J (J^.1 (j-Q k -^' ] ~>^-g 

* a , 

J>U 6 jj-G-G ^aj\ x^VnII ^gi-GJ Lg I2lx 4(Jjl-G-G (_]£jalJj . (j^-oLtA! (jj^A (J^.1 (j-G ''A-IujLLg'' 

.Iac-LiIA jI^-gI] (_£^1^^11^ 

^Ac. ^gjouj^)]! ^LqAaVI u/iij c^Ljaall ^gi (jl£ (_$! (j-G (J^.1 <j-G 

£.l^)ii]l AxlLtA JLg-gSI (j-G j .4X^Hg] 1 Cljlg.l,xG 4 v\l J (_£^)1^)^A1 ^.LgAII CjLgIx-G (^£- 

(jl — 4x j'u-gII ^gjLjaall iil j^.g11 J£LLg ^gAc. ^gX^LLal (_£yLk (j-G — (jj£^).lG l^j^fL (jl 

^gj] 4 Uai’ALj Ailjj^ ^gi iluiJ ^aJ lil ^^-Vl 4_ljL^Al (j-G jj£ 1 (j-y^J c^j^-gII G_ijl^. .1^.1 

Jl 5! 0 

S^lxj 1 *^<Q<Q (jfLj (jSAj 4 AJjA'S.II 0^) J-y 'S L_jl ^j! £Cj3 ^aJ 4 Cl2A_^.^)]l (_£j2kj ^^3 . (_)Ji-GjaAl 

dole. Lg e’n^j jx£ ciiliijl j cioa-gj g_j1jjV 1 (jl ^gijj^iiill (^Ix-gII Jla .l^i^lxj 

^ J 

(_£jl^)^Al JAaIII (jjfL (»J 4 till j £-g .Igi^lxj c > vyj ^glill c__sLJl 4_aJi 3 ^^3 (j-G 

^3 CluSl^C. - ^^gjud^^jjV 1 gr.u+nl (_^jl^pJl JAxiill CjLgIx-g (jV 4(^^UaV! ( - 5^ Cr A.K^^g 
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A A_ij3xA]i A_mll — SAjAC- CIAaL^AI ^^3j Jl j^Vl 1 jja! — Ia lc.jj ^)u l_j! jjVI 

C(JaajoA1 jj£1 <^]j£a 1] ^AixxAl l_jjL^A 1 (jiaj* j ^3 . 1 g,» a ^^xaiVij 

> e K- 

^i]| 4 Vi^l' All^jJal cl^Aj .SjjA jAaj] L_filj^Al c > Uxxj Iaa JAaj ^AIjIIjj 

^Ii]| A_£jjia]l (.” ^'''i^'i . IaIaj jx.x*ol L&Ajuj nM J)C~— ^->a£ jJLjV 1 L_ll jj\ ^Ac. C > V^.J 

.LjjIj aAI£j AjIxS Ia IaIaj lAAj t^gjl x>iqH c*]j^a11 jjjAA ^3 aALaaII (J^. L^jI^aLj jl£ 
tAA^j] (JAAioAI (jC- 1 AjX.j ^lkxA\ AjjL^. jAsUj AjljJs j c > AVnl I^Ij^aII ^.LiJaall Aljj L qJ^C- 

. L_j 1 jplcA I&Aaj \ jC-UaJjujl J 


jJaill (j£aJj tlA^. AjIIc. ^jLja3 L_jljilA (J^.1 j)A A_i^.ja]l j i_jjj)x^-i AI <3 A jj£j 
( ^)3 (jLuj j^A a g jj j ciljjjjjj l_j! j£a]I jl£ I a] .aJIaII aAj^ULj l^_Jj 

L-A$\ Al2Aj AiLxiA <ja IgJ jJaij AAtaAjj ji»3 jAx>i £_AA Igj A gj-N jj ^x.nj A3 a 1I jli 

> 

^L<L^.yi c_flA^Jl (Ja£j .^p-1a]1 a Kjg.l jl l-iIjIaI] (Jlxijl (_^Ij ^LgjoiII (j£aj V Ia^A j ! (Jja 

y # 

jA Ia (Ja 3 Llilc- ^x nj JlAlLj cA3A]1 oAA AjA^. (jAjJa l_j!j£a]I A_i^.jj ^^Ac. ajAii]l ^3 

(JjA l_j! jiLa (Jja jjjaa (jUaJ (jAjJa . Aj jAAiaII A3311 oAA jij j)A (^jjjjJa 

* y 

aAj^. a^.jj ja a‘‘^K JjUAj ^aII ^pLjaall (Hubble) 

■* 1» 

aL^jJ l‘n\c. AAli cA_lx3 l_l^. jjj Ia JaC- <A11AA ^jl£ Ia] ^ 

y s 

! A q _j (Jj ;A_al^_i]lj lAA ^aAV^ AlixAnall (Jjajj V .Aj t S^juj ^All oaIaII 

* * - y d 

oA^^.^a A q\"i~^ < G (JaI^o -OAx-salAl CAl^k JA c” aJjaI A^.jj 

^ja^ ^^3 ^aVI U xAiqli Cli^x-ajSl 4 cA1]a ^a .(20-7 aI jaII ^.lijjl (JaI ^c. a_^aV 

^ 4 j k .^->q\ -a ^ .o^Lxji^JIj AAIjaII (^jAc. Aa^SjaII Aj£^)a1I aI^aII aAjIajjV^ CljiAnjajli 

(JA tdjlaj^lajll q'sixa jIajC.1 ^jj . C." A^J^AVAi q'sixa ^3 AaaAI jA£l (j C_l*lA! 

(Jjjja (_gAc. .oAA aI jaII ^.lijjl (JaIjC. (jA (jJaxj ^3 Aj^jaII aIjaII AjIxjAI dil jjaaII (jJaxj 

^x>>-\'i ojjUa ^i.«n/i"i 3ic. ajsI£ ^^_iai£jjjj — dusIjiAl aAjIjj^]! aAIsIaII jj^A V cJUIaII 

(jl SjjUall ^aLu3l ^ ^.x nj .(djljjUall jj^A Ia£^ (aIc-Lx-ss^ 

> s: 

oAIa A3 Ljaj ^ x Tn tlA^Aj » (jpA jx^ll AjjLjj^II CjIW xxAl i** ij UxV'i j AjAjj (^^Ac. ojA\ 3 jj^A 
ojjUall AjjjA (J^.1 j}A jJjj— Clusl jxAl J] IAjLjj^£ aAsIj AjAIa AaAAjI j! Ia A_Jja£A 

.(joijx^" AAIAa AJjaIAa Clil j-lAJ 
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L-iUhn flint 3.3.7 


al^ilA <j£^)a 0 jLa ^jajJs ClLijM Lgbl ^gAx Lille. L_flLAVl ^gAj ^jA-i'n 

; s: 

4 5. 3. 7 s^ill C-fljj-aj-all Jaioull (_£ j^LiaII L g£ijl£ ; iAll (JjWl'l tcilli £a .LlflJ 

L_al2Vl aL^jl ^J JaLxaII ^gAx ^Ajg'i e_iLJVI (jLj ^Inu^l Jj cCIAjj^aII aAa&I 

0 j-V^aH l^A aL^bVl IAa ^^3 A^UT^ll ^ajl ^jl ^ja . Ljj^^-a ftt^A Aiilii^j ^9 

1 . 1» \'i clb^A j . A j‘4j>3-a\l A -s.jqx*oli 6£.Lai2kj AjLIa ^3 ^jl^Lo ^)j£Lj AaALaaII ^gAx 4_1 aI£JI 

> 

oAa ^gAx .L_balliA (J£jaJ <AAx-aA Aj^lla A '\)kxs-i ^g9 ^)A?Jxx1a 11 ^)jbll L_fll_ilVl 

(_]£ AjLIaI AIi^)j^)jJall Ax. j)V‘ia11 ciAaL^jV! lilAi l411a‘i <jl a jq \h\\ a ^jqx^H 

. A ,'^AaII diV JA^kll 


^jj . ^jjIijjII^iaII Sg.lxj.1^,11 j AjLiaII ^gAx (J^-xaj l <aljlL/l ^.liiijl Aajxj co^lx 

fiJjl <-^lL1 (Jj. At C.l£iil (JaI^X (j^lj tljUxb AAaJjodJj S^)Ja)liA oAa £.lijjVl 

^Ljaill ^g-b l-aLII c*UAaA .AAaLjaJ ciAjLiixl A)Vn 20 — 7 cJ^bAI 4_^bV 

JaLxaI AJLxjj Aaj3 c^^IAa cCIiIAjIjA jl ClAjl^La cjlxJ^l o jAuxia (Jj£j <jl ^.ann 

5! > 

4_iX ^'nj i clili jQx^ia' 1 S^lx <i^.^Ali A aj^I' A_j^1^a1 aJIajLLujI (_J^aj Laa C£_£^)I^)^A1 a^^Ajli 
^*JA^x ^^9 . ^)ix-all ^JA 4I1 aJ 3 L-J^iijj J.1AJ (JaL*-A ClilA AjLslII Ajl.1^. Ajjjb ftjL A 

* * J> 

C-l^^A IJLx ^.a nj ^gALilljj cAAjjjjJa A^j^x^iaH j L Qjlll (jx 4_Lajl^)ll <jj£j c CbLaxiiiili 

. L 3)11 C-^lAa jl 4 J^k3-»XX) <^ALxa 

Aiji^uit flint J-«tj^ 4.3.7 

AAaAIj ^ilAJJj 46^jbe JaI jX <j£^)A O^LaI <Xoll_lA <iajl _J 6 »}Ia JAx^l'n 

^ajlx^v^ ^Ja-n jAlll j ^-flJXjJall Aajl^)li qj^aII S^lx L_ aljj A^j^x^iaII 0^1^ 

La a^ c. \)\\\ i^Ai^ ^ _gAx l^j^j^La A^j^x^iaH ^lixl (JaI^X (Jajolj .^^Aall AAjLjj <j£^)a11 SjLaII 
A ^.jqx^ll j cl g.'WlLxA AA j c (Ai j^x^iaII — c. \\W ^ n^l ^ JoxxAl AjLia 

.L^A Ai j^x^aII (_j^aj t> jAll jx^qli a_jl^)^Al A_^^)^j cAa^.Li11 aA^jL3^11 a jq 

* * 

c A \ \)\W AjLiaIIj c^jLi^yi — Jj — (JLxiiVl 4 _Lijj^)a] 1 ci°^ ^ajJaJ 

_4qKH j iAiLinij 
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*L3^)ULq o,!ia j)j\^ *tfy (J-ol^c. (J^tliujj 

^I^aIIj ^IjaII j c^jplx-oll j i CIjI jjaJ^JI Ajuj^\ A*Uji fijfi 

»-\^j 4_laj!^) o jIa V (jl ^-iJal ^11 (_ja .1“ 7 (Jj^JI ^3 i4 

> # - 
A-i]l*Jl 4_^.^p (J^> xiv i l^j tcdlj £_-<a . s.Uiij'^M (JaI ^j < q > C y* cJj-^aVl 

L_Ludjl ^) n» ^ 4_3^3j»xaA — ^)JA_i]^J ^I^aII (jl3 ;4_}jJa3 4_3^)ialiA n 

djl^ji^^oA jl ^a ^jAjJajj oAj^C- 4_1a 1^) Cli Q nJ-i i ^jl ^3 l_iaja 11 ^A l,!lA^ c CIAjj^aII 
# * * 

Clillniaj ^jii ^ja o^JjoiIaa j (J^jaVI CIjU nj-vill a^A .AjjaaJ 

> s 

^3 ^ij)^«OA — ^IiaI^IuiII ^1 ^-3j)qx^A — ^I^aII (JLaXJjaI fl 1 .<u£ jJI j! ^a!1 

jI^aII .AjjujIs AjIij Jaj^)jai] <xjJaL^Jl jl cAaILxJI CjLak^p dll^ djl^uJadll 

CjU.jJl dlli djl^uJadll (J^.1 L)- 0 Cj ll^jJAj] ^11 ^ja 4-JjaL±a ^^jAxa]! Jajl^)]l dlli 

.<stij^A]l ^1C- <*jJal j!1a Ajnj Jaj^jJi] <*jJaL^Jl j\ 6<U.Vi*.a\1 

c^jjaJ^JI Jajl^)ll Cllli <j£^a 11 jl ja 1 \ Vji tAlikjjllill A^Ul <ja 

~^j^xA jI^aII I^Jj t djlluLaSI ^ ^Juj — Clnsl^c. j\ ^^ja^ — UJJ-3^ (J^- 0 

^JJj)J^ ill ^.J^ 3 (.5^ ^i^ix-aA — JaI^J-IiA ^1 ^aII Jjp V . ^J) }‘ia\ 1 — (JjA ^i^ixxaA 

y 

djVl -^aII ^3 1 g ^nJ^'l ^aJ J3 <3jqj>^iA — JjJj£ jl jaSI j 4 *LAj£II o^A Aic. 

C!j 1 j C5^l) ^ S^lc-j C!jIj£^)a CjIa^Lq ClAjl^J (JIa Ij u*i i SJj. W aH 

. dll j*i ja. UjjII Aia t ^cj^)i ^x-ali CIjLa^a^ c^ijV^ 

<ij4^All fliljl JaI jc- : 1 — 7 Jj«^l 


4" 


jaII C. ^ ilu<aJ 

slSuVI d«l£- 

^lAjl 

UJJJ^ 



<, ojUl (J^Lijl 

^lAjl Jl 

UJJJ^ 


C^LaI^IxX 

A -v \1 ^ A \ .n 

J±aA Jl 

lP“ 

OJljZ 

dl A aI^Jj. X 

*G£jl3^)il o J 

J^aA Jl 

u 

OJljZ 


jlikl-JI-JUijVI 

l^llAl^)Jjal 

UJJJ^ 


^)jA;lS Jj 

<UlnII AjIaaII 

J^aA jl 

UJJJ^ 

L^IjaI ^)Jj_u 



J£aA jl 

C^JaI^LuJ 

OJljZ 


5iK]| 
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(jl ^ *^*'A ^l_^A j)A b-XJjl ^ VI ~^A ^JJAil^J AI^aII (jAjJaJJ 

A * * 

Aj^)jA jl ^21 Al ^aII 1 . ( ^XJ&k_jA£$\ SaLa ^A (JIaaIiujV^ 4AjIA Aj^) )A jl^ft2l SaLa]I 

^-^21 j)A LI (j^^J (jl dll^JjA jj^j] (j^AJ ^J^2I J ^Jj-uj (J_ma]l ^jaL i£ 

£-^21 j)A jl 4 ^UJ^C- ^iC- ^J^) 4 a 2 ^ 2 I (Jjaa^Loill 4 _ 2 LaJ (jjfLj 4 .” n 4 ^ 4 ljjl^)^. 4 _ 2 jAa!i 2 l 

f 5= 

1 g‘nxxiQi (j^AJj cJaia lAA^.j ^LVn (Jj t_21 ks-\ \ C i, Wj V 4** n*s tlj^)!^)^. (jAl±2l 

* * * 

SAlcJj (_£^)l^^]l (jAl2l cAjIA Al ^aII (jj~VxxM (j^AJ 4 (JlLlI 4_3_1 JajJ ^^Ac- O^jl^A Ig ,»JJA*1J 

jg t/iTi V c JjHaILj .(ji^Jlj aJjS Sjj^iui ^ LL-L ^>aVI I AA jjjfLj 4 : ‘ n*\ t, \^\\\ xxn 
* £ * 

.(ji^Jlj I_gli2j2 <j^AJ V Jllllljj 4 (jj-v xxnll SaIcA Aic- ^ jl^^JI 4_2j^a2l Clili CIjI^iaJ^JI 

J> 

650 ) aI^a o -0 ^Ac-I lSj )^ ^ cijl ajajI ^A ^21 c^\\**^a*i 

uj£ l^]j 4(177 °c J 121 °C cfeULa 343 °C) (350 °F j 250 °F^°F 

.4_^ALa 1I ^Ic. ^)Jj!lJ 4_lxj«£al ^ALlljj 4^)JJ^J aA\ x^ jj£I 


ljU j£aJI AIaaS 5.3.7 

^A j)4XA ^ nJ^a ) (3^1 j)A 4 <il2jU 4 _±xxjIAa 1I 4_i2j2l ^.lijjjl jjj 

> ; » 1* s 

aLjIujI ^^^Ac- 4 jJ3J^)Aa]I ^-lAJ-alill 4.” ll AA-TA AC-Lxjjj 4_fijjjj ,1a A^. ^Aj S.VlXA O^J^JJjal 

ClliJ jS (jAlXJ V 4 till A . jljJ^VI j)A Ig-iA jS jl jl <iljl^)ll Al Jjq1\ 

_ »> ^ ^‘q <\ 1 a_1^_ia <jjiAl! ^I^aII 

s f # > 

^jA Ifl^Uajl o^La^JI (JA J-a7 j.) ^ a ^.1^1 LS - ^ 

Cluljiill (Jj'Vi (j^-^ .(dJlill 4^\!1 a 4^)iijlj > a'I tilijl^iAll Aj^jlaj CIjUiujIajI 

A,lu> A-ljg ajjj El, E 2 , X) 12 ? G 12 (3^1 (JA AjjjjJI A jxjj.V^.H 

^ja U t. ^I'i^'i (aJLojjII U^lj^j ^_j^aj^ A.lijxxi 1 CjIjLui^. 

4A_9^3jk^aAll ^ ^1 t ^ ~\ Ajo ^laJjujJ 44-_fl_iill A j\ct- \ 4 u ^ ^ H dul^ill 

4. <aj Wl oUJ (JaIxaII ^jl .A^J^x^aII jl 4. <aj \\l ^gajlx^TS ^JA ^ X>V^J V Ijl J 

^ 5 jl_iJa^)*JI (JaIxaII ^JA (J£ ^gic- A^J^x^aII ^jj-ljxxl'l (_JA ^)4^l . 4. <aj Wl A_iic- ^JAjgJ El 

V X) 1 2 (j.3^ A_ixxij ^Ic- Ajg. 1 V ^l^f^l *Gi2 O - ^^! JaIxaj 4 E 2 ^ sIaIVI A_ixxullj 

cJ^I ^_)A A-3j)^x^a 1I ^.lijjl Ijj 4 4^11^1 ^^5 . A^Jjqx^lAll (3^ O -0 ^^3 flLllVI (3 a^ O -0 

jLxuC.1 ^ja ^Aj V lAAixi 4A_i3l^ ^)4C. El ^-a 43 ^jl LjJl ^ jj 41a ^jax*Vi ^_jAal^)C.i 
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(jli jjc. G\2 ji / j E 2 ^Aaj^ ^Al£ dul£ I A] tuSlSi ^a .SjdA aAIA A-aj^a 

; 

^ LiA A A_1 £joia 11 •®dJd^ Jal Ajla C > l\~^J ^j\ L < i\"l'\. < Q ^dll ^tiaj C-lAAil 

4 n 1 ni\ l 4 \ ^\ 1 1 u n ^\ 1 ^ 3 dj 1 O - ^ 1 ^ mOi n -v \ i ^Ax^aJ ! 4 Q i ^ d i 4 *, ^ 1^ \a 

.AAjIj cAIa 4_aj;]Via a 4_lajl^)]l SjIaIIj c. \\W 

* } 

Ldajl ;4_i*JaL<ill o^ill ^ aJ lA^}dl jj^ja' 1 dldldAll Aj^-°J 

t4_j^Aa^]l ^jC- ^^.IaII JQajII j JdoAll (Jja Aj_j1^)^J1 AAjIj jdll ^ajU^r^kH 

^ (Jj'vAI jU AjI ja ^^Ac. il£ tc AlE £-<* .^cSj AAIfllAll j 

.aI<£ dll^)ljAc.l i ^\ ^9 4_1a A_AJ3 SAIaII \ J^x^-a J Idi^A La^aC- 

4i j^x^aII l,gj\c. ^jaj^'i ^j-ajL-adll Ajj_j^ja 11 4 j^j'il <^11 djl_x3jali A3^ ^jl dllA ^ 'ixj 

• Ija£ AJJjJ ^a dllx3jJ ^l^)^.l ^j£-<ia1I ^ja tdllAl la3j .1.1^. A_daid±A 

> 

SAIaII lA^LaJ (_JA djlj jSaII ^ajl >/]^k (JLaxAxjjI (A}^^ A/ 4(_£^}dl c‘* AaKj 

^ja l.li^. ^jAIa ^ j^^jaII cilijl^jAll Aj] *l£ jddl ^lAj-adll A_1 ij A>° A lv\\H oAa dc. Aj£^)a 11 
^-sajL^ad] AAIxS dlLoild o^jj^jda 1*1 Vi V J • Ag-uid oAIaII ^OAx-aJj ^-9 

.Aj£ jll! sALJI 

* * * 

Idj t4_lajl^l AI^aII^ (. £ LAV 1 ^aJail 4 _^aa 1I CljliJ jAll (jiasu IaJuC. 

-» S i« s! 

(JL^a A g ~n J A) -0 -^As dl^All oAa ^)xlAj^ .Aj£^)a11 ^I^aII ^JC* 6^^x-a xxMIj 

tlAA Aijix-aA]l s^Ia ^adj . 2~7 ^ (operating) JduAAll 0 _jl djU. 

^-a ^1 (thermoset) lA^jl^)^. c > iIx^AaII Jajl^ll dslA A1 _ja11 q^*,\ ^a dilA 
JjidAi! Sjl A^jdJ ^ (thermoplastic) 1AJ jAIAaII Jajl jll djlA Al jaII ^j^xj 

aA]j nqll A1 jJI ^l^jjijl Iaa 2 ~ 1 ^3 AjWlAiiuiAM j .a_j£^a11 SjLaII 

diU.jd3 Idajl Aj^^)^ aAj^j>^»aH ^aUaj ^Vn . AjdAjj A1 ^aI^j 

dc. j ^U. j]l jg.^n c_£jja) 4_^JIxa11j ^1»AA l_jI±ujV c^-ud V j cJduoAll 

l *a\j \\ A;' ^ 'i»,j l <aljli ^ V] c(aAj^j ^)^]1 Aij^x^aA^ A_^JI*_a 11 D^l^p». a_^^ 

4i^£j-aA]l A-oJ)AU 1 A_lll*Jl djlaxjj (JIaA^. 1 ^iLalixd Ia^^j 

A)-* A^* ^Ldjj aJ jUa Li& ^Aj t — kLAAn 

.AjIAaaII [2-7] (Schwartz) j^Jidj [1-7] (Lubin) 
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^ Si ^ y 

AuSjaJI jIjaJI JjjuiuJI a jlja, CjlajJ :2 — 7 JjlaJI 


i&J >>J 
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(j^LaaJt *15131 JliLa 6- 3-7 

b^LaII s-laljl ^9 ^ja£j ^ ‘ ''S' J) ' ^a ^jl_jJa9 (J^ILa^. <C.^a^a ^aa^j] 

i> Jl 

. C-LodV jl AlijljJaa <Ja^A C.UdjV (j^l-A^Jl ^-OXJjaU .4 _Jja1_1a]1 

CIjIaIc.3 <_ja £-l^jl O -0 l^Uajl 1 g,a J a Vi ^aJ 33 a~n11 <C. ja^a <jl 

jjIS ,jJI o 3A (jj£j .21-7 ^3 La£ 4^LiJaa]l i^Ij^a! <1ja*y 11 o^)j^k*\ 

(ujj^) j' .i^.!jjj Ia£ IaLaj (_jAjJa Ia.i^.1j (J£joi]I <llaj^kA (Struts) 

, y 

(jj3^)la]l V \\\ \ \ . 1^1_ax!1uj1 (J^3 (J^Va ^3 (JAj>>i 3^.1 ^11 <0a^21 

y y y _ * 

.Cl2)L-a^J i" m \°i dialed dl^laVi IaI 421—7 J<^'t Ia£ Ixa ‘iaI.C. Jl] 

# f ll > 

l a£ JjjS c_llc. ^3 o3A 4_lVJ .V’iaII dl-alc. 3ll dlx-di ^ja die, ja^a (j^d 

- s= * y y 

Igjjj j tl3^. o3A q^Ia^-II 4-C- ja^a (jl .L_lic- ^3 Idajl ClL^L-a^ll 

s! y 

JA Vi 1 1J udlil .lajjolA 4 X A^kA <]L^. ^3 C-L-dll l.g Wl (_J^AJ V ^JlUlljJ i ^JXj-£3 

' * * 

1^_1a ^li-saj d^joi ^lill SjIaII c-lilijl ^^3 liA aJLuiaII (_ja£j . ^Ldall ^3 q^IIa-vII A^ja^a 
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' * ' L t t •* ■* 

— Cl±i3l^)C. £Jj-£aj S-IaC-VI (jl (_^1 t21 — 1 (J^aaAI ( ^3 A_A_^V1 ^Jasu A-C. ja~n a 

11 ^a ^a (_^_9 ?111a 1 i ^a 111 JI>JI .citajlj ^3 (_A^A1 11 a ^jl ^_^^)V1 Cy*^$ 4^ja£^jj1 

?L^JLa*HjoiI ^x nj oAj^xJI ^g-ui^jjjt - Clu3l^)xli 



JfLiA f LL j-a AjjLuo3 4j£j-$ : 2 1 — 7 j£-uAI 

^jl . l_jL£]1 11a JjLiuj ^ (J^ AALaaII 3-aj ^in l_1^j 

• 22 — 7 cJ^xjjII ^3 1_a^ 4^1 _^1AA1 oI^jVI La AAj)a*\1 1 ^-^LiJaVl (^^LuiIa U1a 

Jl Jl 

^j^ajj tAA^LtAl ^Ix-a^ll ^Ac- (445 N) 100 lb 1 AjjLaa P AA^a^. 

.(UL^ill .lLlUI ^) ^LJI j ^jkSI *U5yi HI maIj J <J^1 

' * # J 1 

^jjjjl AI1 aj 3 (_£jlxxj (jIa! (J-gLxj A-ujj^xII L^Iil^A^. .1^.1 oIa q^Ia-vII A.C- ja^ a ^Ac. nj 

J1 # 

jj-aixl lAjLiil l_Sjja ^IlSI oILaII ^A Ia .l^slikLj ^ iuuTi AjjL^. Is ' *'j] ‘^‘ 

(JajAJ ^lill ^lAJ-alAl l*’ A AJ-l^A (J^Vl (J^.1 (_JA pLxjl (_^Ljj 4 ^J^]l A~N 11 A.C. JA~N A 

^ 4gK i ^i l ^ A_iLA1 ^.Iaj 
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J%$JI AlJ\ :22-7 JS4JI 


cjI^aII ^jLilkVi l.^£j Aijj^l 4_L-a]l djlj IjLjaall ^j-o 6^.1j ^jjVi (J^.1 cj-° 

.» > 
i** \k\*\ cl 985 ^alc- .^Ljaall ^_1J (J^Ia^JI ^lC- ja^ a (Jl.x^jj <al£ A3^)xa ^,x, nj 

(2700 l$jjj aI^a^. ^Ac- ^ j^aII 13] qj^Ia 90 <^1j5>a11 aI^.^) 


Jiill cAiij (jj^j cSljSJI ^ ^^Ac-Vl J] a*3^j lb [ 5 I o -0 Ajli ‘kg) 6000 lb 

AxSjIaII 4_iL-aSM <ai£li]l ^ja cJ^l^ LS^"^ <al£lill oAa (jl .$1500 I AjjLaa 

V % z z f > 

cjV (J jJa 15 l <aK"i oA ^.1 j a!^.j U-J 4_II£j .^LjaS 

.(^£^$ 700 j c£ cJ^ (Ja j. 21 (j -0 CIjIIa SJixl AjjLaa Ail£j Jjsljj ^AAj 

(£*/$ 3300) JL jl] jVj^ 1500 0- J& J\ ^ ^ I ^ ^ i>^ 

. A uxaII SjIaII <_jC- 4 Vq'uiiA ^Ac-V^ £3«lll j (Jj^LAa^M AAI^j ^jj . c-Ljaall ^^3 p ^juj £jJa^] 
^li]l Ailij£ d^V 1 S jLaII $. l£ij! dd (jA 1 _j3 jj ^3 ^\\ ^j^fL (ji j V c 1 j 

. 4 <Qjln J^\j i ** ^1 \ \ W *< A \ i ^Q-\.*< 


\xs-i a 11£ aAA Jl jaII c-lilijl ^3 d^-^j dd (JajoU 

ojLa^ l <aKj ^3 (_£^lc- AV ^3 r^jaJijA <ail^-A jl^A ^)ik4 .A^^IIa ^1 ^a ^ja ^LoiSVi 

-c^s! > <(££/$ 1 1) cJLjll $5 J c£*t e j^l' 4(^$ 2) JM I jVj^ 
c(^/$ 44) JLjil $20 JLilSi fcliJ AS-3501 

$ 200 u^ AitU ^ GY -70-HYE- 1534 >j 


J^-Iaj .(^jJaikiASI JXjaII IAa JIaj GY“70 (jVI (J^aj V) (££/$440) (JJa^ll ^ 

£lA2*li]l J ( X-lli-iajll Ail^ cJJ^ « J 11] ijJISill Liul 3-7 JjJaJI 

AiKlI lillic. L. lA jj .a Jjlol^lj iV jail (_ji l^j-a (Jil Jilj _ dual jill ^jjjLa luKl 
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£1^1 iiis !(^/$440) JL jil $200 GY-70-HYE1534 <-jk :^V I 

^lajou Clual>Al o.IaC.1 ClAjl^j dx CuIxua cc-Lja^ll > £x<l^u]1 Culaij 

.aAa*o>J V* nu'l >a (J^aMI >,x*oL/l CuLA>]l Aic- j C^>V1 (jAx^ p^AX t >“ u/Vn 

(J>Vuj.i Lgula i^IE £-a A ksi C Ua)l l,g ~VA j i A 1*aa (Jj-l^Al ^lii^Vl jmi 

.IuIIua (_>1 (j-o Aual£ 


£± a * j 1 \j t ajllYi : 3 — 7 Jji^Jl 



^ U^ll^ ^ ) u^'Al 

oALall 


^juA'i 

o jLa 


3$/lb (6.6 $/lb) 

4$/lb (8.8$/kg) 

(l$/kg (2.2 $/kg) 

iV ji 

3$/lb (6.6 $/lb) 

4$/lb (8.8$/kg) 

5$/lb (1 l$/kg) 

^ j y^W 

2$/lb (4.4$/kg) 

3$/lb (6.6 $/lb) 

200$/lb (400$/kg) 

cr 1 ^ jjj]— dual>- 

GY-70-HY1534 

2$/lb (4.4$/kg) 

3$/lb (6.6 $/lb) 

20$/lb (44$/kg) 

^ju 1 — dual>. 

AS-3501 


^>IUU dual JxJl >jLLa ^JA fi^La (> I^gAlull ^A ^-iliL^Al (Jl>*Al (jl 

> Jl 

u^ill ^IjjI \,£,xa Al*a ^jj Laj Ig.xAiq'i S^Lall aA 1£ ^1^ ip_al£ ^Lolc. ? L^JL<i*jjujl 

; s! 

4-7 (Jj-l^Al . gAx^iqll (J^UaVl A_al£ (2jj clg»jA> LL^-V j t^./u^iMl j 

(_£^)1^)^A1 J. Will (.** )\ aIx.a £a tClAjluAllj Cjl*LuuJI (J-du >ill ^j-ajL-sadll (> Ax ja^ a 
dLLa cAVia'i l auj t^^Ac-V 1 Ailu^ll AV>11 i4Laj .Ax>1a LI ^a (_>1 >j A_alu£ll ^43 j 

hu cilllaj .<aL& II iuiai Jfrl iojffl GY-70-HYE1534 ^j^-dual >11 

ji 

oAxla >x >c-S?l CuIAuaII .(JMI AiL&ll a_AI*A1 AuIuaII CulL C5 joi£^2u 1 — dual>Al 
> ^gAc-VI AjIuaII ^.Jj dli^ tAullxAl AuIuaII CulL — dual >11 aLLa > A_ailaA 

cAVia'i ta^Luo^Al (_>1 C> . c_aLAVl (^gAc. (_£J^a*A 1 aLdVl ^jju! (>1 J oLdYl 

‘'■*v jj\ . 4 al L> ^\\ 1 S^LuoAl ^^Ac*V 1 A aj^II iJUAl (J-alx-<Al CulL t C5J oi£ jul-Clual>Al aLLa 

^A La ?jl j4a 11 ^A La . t LAl^ill ^3^ ^.ajl j>^t\11 ^3 A ALd ^A^lc- Aal^j ^}JaxJ 

?Aj-aldll aALolaII oLa >j AujuuIIu ^-<A1 ^>qV 1 
(_^1 ^jAc. oAa *LuLjaa]l a-^.11 <C. ja-n a aALaa AujuuIIu ^-a jA La Aa!1xj 

jaVI (j^ Ipl ?A_iiJaa fi^Lud^Al (J£jd Ja . aJax^i A1 » Ax. j Via 11 A_uli!l]l LLjaall 
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■i Will jl jl ?4 K ^ (j| l ' w*'\\ Ja ^4 u >. a t> ^GLals 

.23-7 ^^3 (_5-at _j*2l o2a ^ ;4-s jg laj ?Cll2Li-a_j]l jl 


(AjjLjlaSI AjJjllI 4-LaaJI) Aa-ujj^a 31 j4i (j^ajLuaa. :S 4-7 JjJLaJI 


4iM 

lb/in 3 

JXqjII 

1 O' 6 in/in/°F 

Ajlldl 



0.282 

a=6.5 

O,nax=30 ksi 

E=30xl0 6 psi 

u=0.3 

iV > 

0.097 

a=12 

^max 55 ksi 

E=10x 10 6 psi 
u=0.25 


0.061 

ai = -0.58 
a 2 = 16.5 

X t =90 ksi 
X c =90 ksi 
Y t =2 ksi 
Y c =28 ksi 
S=4 ksi 

E|=42xl0 6 psi 
E 2 =1 x 10 6 psi 
Ui2=0.25 
G 12 =0.7 x 10 6 psi 

Jp 

(J-clx-all ^Jlc- 

(GY-70-HY1534) 

0.055 

a! = -0.25 
a 2 = 15.2 

X t =169 ksi 
X c =162 ksi 
Y t =6 ksi 
Y c =25 ksi 
S=7 ksi 

E,=18.5x 10 6 psi 
E 2 =1.6x 10 6 psi 
Ui 2 =0.25 

G 12 =0.65x 10 6 psi 

(AS-3501) 


(3_j jLjlaJI uj|jla.^ 1! (jJjjJI ^UalSl) 4 _aj2ij 4J 31 j-a (j^aJLuai. :<_i 4~ 7 JjAaJI 


4ili&]| 

N/m 3 

10’ 6 m/m/°C 

Ajtlall 

Og.1 

o jLoll 

49.4 

a=l 1.7 

tfmax=207 MPa 

E=207 GPa 
u=0.3 

jV ji 

17 

a=21.6 

Omax=380 MPa 

E=69 GPa 
u=0.25 

^a j) \ ‘\aW 

10.7 

a! = -1.04 
a 2 = 29.7 

X t =62 1 MPa 
X c =62 1 MPa 
Y t =13.8 MPa 
Y c =193 MPa 
S=27.6 MPa 

E!=290 GPa 
E 2 =6.9 GPa 
Ui2=0.25 
G 12 =4.8 GPa 

(GY-70-HY1534) 

9.63 

ai = 0.45 
a 2 = 27.4 

X t =l 170 MPa 
X c =l 120 MPa 
Y t =41 MPa 
Y c =170 MPa 
S=48 MPa 

E t =128 GPa 
E 2 =l 1 GPa 
Ui2=0.25 
Gi2=4.5 GPa 

4-lllc. <La jUj 

(AS-3501) 
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4 U/itt lj! J 4 \a"\‘\ 4 It 4jilVill J-al jaJl : 23 — 7 


(j-o A ^V^aII jl jjh\\ JjISj ^jl l*11a L_llla]! ^Ac. aJIjuiaII J 

CjIaIc-JI £Jj-a 4 jqftl 4_Ial*nA 4_aj^)Ja ^l.^VuJ ^)JC. o^A ^^jLjaall 4-C. ja~n a (J^.1 

# " -» 

.21 — 7 (J£joi 1I ^9 <jJaj^*-All aJLioiaIIj <j^jliA 1 ^)jj£ ^JLaaII Jal^yn . lg_u£j 

, > 

Laj3 4 K a!ua V . l^A^la JaI£ ^Ac. ^jUaalj A-ALaAl oAac-V^ 2) ^ 

. V<n. <\ i 1 ^ t ^ ^ 1 ^ !<■> ^ 4 <q ^ i‘* \ \ -^1 cl *\\1 t '' 1 c i ^~i\ \ a . Vifi. oAaC-^I c* ■ \ b > < 

LfT^ 1 ^plii Clu£ Ijj La_a 3 1 jLj ^ t ^-ujLujV 1 J).)\^ ^-lAj-a_l]l . ClL/L-a^ll 

Clilj 4 i<saa 11 IjLiJaall ^Aj 4_1 uu11j I^LgI j t (J axjuqII (JjJaSl ^.ijJ jI^aII ^ja ^1 

.23 7 J^l ^9 LaLiJa^llj <3 jj ^11 A 

jl cAjAj-saA c-LjacA (j' (j^AJ .CjIaIc.^ 11 u*al (jlAib^)Aa (J^Vl ^^^Ac- 

C-LjaC-Vl OJ^ ^ jjjili ^axj i“ 1 Vi Ajl (JjVn <jl IaLaj Vn .<i^^-A c-LjacA 

(JV (jA 11 a\ 1 ^.LjaC-V^ (^5^* ^AjJalA Via^^aA 

- " tf •* f £ 

(JjJaa^M (jj^)l_l^Al (jjAA (j-° L$\ C— al Vi^l <a^_a c* 1A1 J^au j^)iaj L-llijail 

^Al ks~x\ A x'^a 4 JaC. 1 ( (Jj.1j 6 jl c ^jj^)l_iaJl ^laji . (_3J^3a'^l 1 1 a O -0 

^_a — a J> a 11 ^_iJa^)x]l ^Ja^All ^al c‘* Iax^aII ^_iJa^)x]l ^ Ji^aH 4<Lgx!1uU 1 

CliLLoLaJI ^\j\c l_l^. jjj ^jl .tillj 4-14 juj 
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Ig-La U l (jl j <23“7 oA_jl jll A-uliull JaI jxll (jl ^Jun 

> _ - e •* 0 

A3 (J^Lill j L_l*li]l (jl (jpj tiiji (j^AAll (jA . (JjLuiaII (jA (_paL^Jl jjl\ 1 AA ^)Vn 

# - .» SS * 

<Cl2)Lj-a^]l IaIaAI LajI LaJj . La^Ac. C* ll jJ^a.A (_^1 -Lasu ^1 cillV < (jl^Il l^)Aj-aA (j^\5Aij V 

# ? > 

(jl£-o ^^3 Ap^pJl AjjJadl £Aj (jl ^,at nj <1 a£Aj .AjjJa3 (j£_Aij V L&^jjAj L^jl (jA-Vua tiljLs 

. AlL A_ij\_9llS\ LAjJadl AajLs (jA _jid 

V clip. j .^Ljaill aI jJI (degradation) a£ 1 ^j a*j °ji 1 *a 

aJLaa ^3 ^)LjjC.V 1 (j-pJ oAklA (jl (j^AJ V dlLs <(j5M AjLxJ jpVl lAA (jC. ^ La 

> 0 

(jA AALs <AAi21 j 15I L_a^pj V Cllllj < La p^joi ^jAxrfVi aJLaa Aiigplj La IaI .fiAA ^lAj^alll 

c 4 _ip^Jl .A^l^J A^pj ^aAC- ^^Ac. IaLxUC.1 ^JAa.^11 C 5 "^ ^ AjLj ( 5 -*-^ ^ (j^A-dl 

A^lA Ajjj^jlaj (jliAJ ^ i£ ji^. U ^ )a>/i Al ^Ac- (jL^l <A^\g \W (jA (_£i tillAA (jL£ ^1 

o AA ^*jAp t 1 A^A j . A q\‘v*kA o aLa (JLaxJjaI Laj^j A^AgAll (_jJa^)3j (jl jl . A^lg'Al ^a! (jl Uai*sALj 
( jl J5V! ^^Ac. <4jlc. *». 1>J t till A £A . Ig \c- AjlpVl V aAIuj! ^-^)iaJ LjLAoS (JaI ^xll 

tilLlA (jlj Alflj (jl tillA .^alAj-alill ^ic- All jjpiAll (jC. (JL^aJoll (jA Lc. ^jJaj 

JaI jC. (jV iL^_J A'\kt.si_j ^lill AAJ^)iallj ^lAj-alill (JLa*1Luj 1 Ale. <JAjJallAll 

,^_Aj^xA ^t- l^^AAk^i ^CA21 c-Ia! ^3 4m,A 


C* )\ aIxaII <3 J*-a (jAal^jSlj I(_^La AjjaLaI A \ u J . A \ uJ SAC- (JjLiL (jl tililc. L_i 
(jA AulLx3 ^lAA-alill A^Aj c_Ajja Ajlj^jVI aI^aII oAA (jA (_£ 1 t ^Cil^jlipl^jL^llj 

ttillA Axj ?a1Laa 11 (Jpl (jA (_^^*AAaVl (j j^ll (_£A (J^Jl A^Aia Lg 1 a (_^1 ?A qKll A_p.lj 
lAAC. ^jJalil cAIj^aII { xa (^ jl _jla Al^.^}J ^aLlill c^ljlc. (jL£ Ail (_jJa^iiil I^^pl aJLaa cJj^ 

<(J£IiA 5000 J t.-^\ )\c> Lpj AjI (j-a^p iil . jIAaII ^^3 (J5jg.ll CIjLc- ja^a (jA 
(j^3 .oA^l j til^A A_Li.j ^3 22“ 7 J^ll A n vaII Cli^Lill CIjIa^.^ 11 ^ajJaj o^p-^ (_]£ 

<^)LliA ^^llll SaLaII (jA Ac. j‘u/ia o^)3 jJa Clil^jLlaj tilj a! (j^j (jl LaI AjI ^\11a (j^a^psl ctiilA 
SaLa (_^1 .^_jJa^)xll Ia^S c-Ljaa ^ 1. u^a JLaC. (Ji*aaj ^a (j;p (J^L^ Ig x u«a (jL^AVLj AjI jl 
(jl (_jJa^)j3l ! La ^ic- 2)-^\.^ Cl2Llll (JljAJdll LaI ?L_flj^)iall oAA t.” i Vi ^“iVi c_Ajja 
( jA (_^1 .AjLIaII j! <^Lxil^U Ul ^jLjJadl (j^ll a-^.11 ACja\a ^Ja 

IaLa lAAisti cAjLIaII Lp^p. Aj J$ j)A VAj 6^.\jApil ^ C’ \\°i 1 Aj ?^pua (jiluVl 
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oAA <.** 1 Vi U^jlliVjai ^^lill SaUII ^^A U ?AAUJ] U^}^. £31^11 ^^3 ^lAj-aLill jlS ^1 

£-^11j (Jj t c." il ajjV'iII aA^j S^jaIja jWn V (JIjja ^^aU^II (JIjjaII JjaV j ?i*Jj_jJall 

^)JC. jA .(_£^jl^^JI AAaIII j)C- i” il jla«A tAljUaC-j ^aJ A3 A i u*n (_£a!I \jU*aall i>» j^-Vi 

f ; f 

aUiaVI (J^l a l£U IaaUjI ^Ju (j! ^jUa^II j^lU^-ll 4 ^- ^^ajoiaII 

^yol£n jl jAxa lSJi^^)^ L , t<aU^J| ^.a . l,g Lg_A. j^U* j aUiajaII 

^3 ^lisuj jl, nV n Ug.iV jjJJJjai jj^>Al Ua!)\S (j*aWill j AAaIII _j m.j . ^Ax^all jUia 

cAjlj^jVI aI^aII jJJ j)A 1 g Ua'Vi ^lill SaUII ^A U icUj^Jall aAA 1 V . aUjVI 

L ^a^ijj jl <A11 a ^ 1».J ?^UIaaVI cdL jiUj C5^ lg U» , Um , | t—fljjoi AaIc- A3J^)la ^Ijj 

.CLLaa. s-l^aJ ^Jj 1*1 Vi ^jl jjAj U ^ajg U 

IaUa ^.^g-Ai V . LujoU A_]aJjaj CjV aI*a ^-C..Vuxm t 4<1 Uia 1I aAA (_)^l j-° 

jliic-VI jjju ^^1 ^1 «^1^ j Iaj ^jSs . Iaa 1 g,)a u Vi US aUUa.VI <UUia!I 

A_^a^jI1 aJj!3 A UjjI AJI jA ^pSI ^1] ^UaA jl .^jjJa^Allj A_Uall A_ajjj (JaI ^ xll 
jl AaIjA^. A_a. j\ A^^.j jl .A^IILaII aI ^aII cJ^l cl)- 0 cJ^ Ull^Utll aUj ^Sl 

cJSliA Ac-ja^a aUjI (_)V jA — t-^ljlc. ^jt, in .1 A3 j ^. ^a ^jjjaU. 0a1j^)J 
jl clliAx-aA jlS (JU. ^3 c > nj>>iq\l ^)Us ^)JiS ^J_jx^a*ill — A_jjxa jIxjI i*‘ il ^\3 -»'a j'^Vi 

^Lajc. £_LaU cijl^ AaIc.^11 CajIS (JU ^3 a^SUuj j c^UI^IIj o^Us ^UjI 

- * 

jjj ^aS jl — CjIsIaSIIj jUj^M d!a ^gJc- jIa*1C.V1j tcdli 3xJ ^JalU 

^gJLiJJ . jI^aII ^3 L-Jjj-aJdll <ilS AlUa3 ^gJI (Jj-aj A3 j^)U1I (, j^lUaJI A-C. j^-sa 

# j: ■* 

jjjll ^jl^U ^alsu jl ^gJujj ^gJtilljj t jIAaII ^11 (Jajj^J (JJa^ (_^l (J^.1 jA A^kj 

.^lAj-ajll t jA (_j-aUJI ^-^11 IaA (_^1a ^3 i j*U i V aJUa oU .UUj 

lAA ^ (oAUIIj (JxAj jl ^ilali*jjJ IaU Jja cI^^aI aI jaSI ^.Uljl ^g3 l-jUiaS jAjJau 

.ajSjaII aI jaII cl^-l j)A aUsU. j ^Vjl 1 g »,u/i l <ijS UU -^Uu 

ft t it 

-UluiJj ^aC> Aa A ijaC- j)A .oAjU aJUI CjI jjSilll j il gj> jail j_J^ A3 

t 

iJSjaIIj jV ^\juj^\ ^aUa c _ 5 -Uu tA_i3^)ia Aic. AlHuiVI 


n - * 2 EI 

L 2 


( 7 . 3 ) 
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I solid 


ua ^ tVs 4 \1 U.»\l italic l3^ 


64 


(7.4) 


lAJLytxllj ajt ^laiLal 4 \1 \1 cJ^4U 4 1 34 ^.! - ^jUg\' 4 Cl 

7Z(f"t 


1 hollow 


8 


(7.5) 


a£Luuj t cii 

ciia jli $.LjaJI (j^j ^ ic. Vm o^a ^^jLJaall ^j^lLxL^Ji Ax. j^jj 

^-5jJJ (jl ^,x, \\\ AxLjaa <S1 a 1 cilliA tl^Aj .AJgjJI UjLi^. (j-^ 

^Lm J Ail£ Ui .<al£ (JsVl ^iaj-£3j]I t-g-jV J j* JU*lJ 

jjj aOx. lilliA .(bottom-line cost) * ^4 j*SI jl' jj^VI JaiJI <iK l _ r i^ t_jjlaj V 

CllAxUxI J ^aII Cljl^liojl L_JJJ^)J J j\« J1 Ja^JI Ail£j ^aLkll SjIaII Ail£ 

Ajlia. Jl UuH£j]! l_jjjjjj AjjIJa llul V J t (Ja$,a ^L^J! J ^aII t— aJl£j ^ic- A_i3 

.AjaSI^II e^jd^Vl JajJ-a^N 


A-uaiLk 7 - 3.7 


J^aII ^)A Aa_ujIj A-XJjJJ ^jc. CIiIa^LlaII (_JA JjU ^)1.V^) ^LJVl UAJ 

jj . (_jj*a J^xlaj (J^-l cj-° ^ j‘^3-a \a A^J^IaJ AjjaLIa j! ^a $. lilijl ^ja (_j£aJ] ULaLaI I ^)a! 

! (JIa*I1ioL>U A x^lll 6 JIaII (jl (JAxaII AjI 


JjLulHI flint 4.7 


4 -g.iLa 1 . 4.7 


C_aljJ AjjxJI jj-aLixll <1 uj1_1a1I A 

j ( diLja^jim ^ji 


c-iijji 

Jl ^jj^ljxll o^J <j£aj .^JAx-aJI Ai3 A_nJi 


‘LjlgJl Ajys-jJl ^JiLC y^3 ^J,llJljj fijL^ji -1 jl jJl (J,lil jJ ^Alll (j ^LLwJI Jaii-I ^Jgj ^ ^ 
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Ajja aha oIjIaII Jj-q l.^»,*i jj&\ ^uj±u jj^lic. ^jl jl 4<9^SLJI 

daVl-VA^ j ^Jjx^liall 4jjd21 ^ a all 4 j 1^)C. jAl k*\\ (J Ada 

daldl^ill *3- j>Va<all CIAj^LaI! Ailda^lj cAaC- 1131 3 jJI ^4 4 -x-ujI^II 

. ^lAx-alill 4 JLaa t^y& (Jgjuol! ^jlax^all ^)j»<aLi*J ^Ia^-VI (Jj^ d ill y m, \ .^cJj 

y # t 

A i ^ ^q\ 1 ^ h .n i * n*v ^ 4 i ^i ^ 41 ^J \ i ^>1 q‘‘i 1 1 ^ k f - ^ •v. 1 1 ^a! 

t^l^-^l ^.lilijl £a <£jjj <_jAjJa (Jj£joi1i] 1 *U&I ^.l^ 2 kj ^,at, nj .L^Iaxj *CaKll 

^-^da^A 1.AA ^ J ijllij t 2 ^juj . 4_jlujL1a a u«o‘a c-lilijl £a Idajl^ 

(J^.1 <_ja ^jjxa cJj^ dal ^qJVaAll c-UjdjVl ^gic. 3^Adolj (JIiaIaII l V'lg.ll ^9 ^aLaJ 

.Alij^x^Jl j <j£^ja 11 ^d (jjj dal£AlidVi (j^i» J (jc. i qd^ll ^iiuj o^A ^ .4_iia 

Stjl4 ^ 2.4.7 


jl 4jjL^.Vl S^jjuaall JaJjudJl ^ajg QaII ^ja ^xjI l_iAAj <jl Sjlc- 1 ajlc. ^ x nj 

I'VJ Ajl cdlj CS^* - ^ . Ig AjAx^Va a ^jkj 4_nJ cl)- 0 cilli J 40.11^. ^11 A^IajoiII dal j O^uakil 

^j'qVi J^.1 <ja Ia A_mll LJld C) J ^S-ld^jVl og-1 ^)dxj L^ &«^-C. 

c <3 ^juj Jxj . I^JLaxIiuj! A f\^ dal ^ J)\ L J ^ Alilljt3 

Aic. ^3^ ^ * a'us-i*! ^ . L^qI, W' u J daLolc-31 ^-1 jj\ jm.i 

jl £_LaLo 4 _a1x.^1] 3^ ^] (J''' 1 ^' 1 <jIHa] 1 jl CIjLqIc.31 

Jj A-olc-^ll a djl jpJ-ol ^)Ij qsixa IaAxj *(3^° 

^ a \W Lajg k* L_fl^*jj cl^jjdl .daLolc.31 (J^l dal^jliic-l 

• (Ortho o a^LxIIaII u\iH ^a ^ V I 

s= y 

^jl )} \\ Sl^Loll c L^a L^^ aC- dal ^ jdiat. j (JajLiiujj 

5 = > # •* 

1. a u*i a c Sl^Loll Ajjl^iajujVl 3 ft d a (J-^dujj 

y y 

<x3l ^11 j^'dll jl ^jj1i»jja] 1 cel ^A 4^. jUI .4 _ioi3L1a] 1 ^ia^su 

5 ! > J 

4J1ua]| <x3^a]l b J Ljj^)jJaA ^ 3*-da ^5^ ,L — ^ il-otcd 

A_mll is^ J ‘1-^At^jl C5^ 1 -^1 a\c. 1 <alidA ^IajojI daLolc.^1] .24 — 7 3^*'^ 

y ss 

^Ic. 24-7 ci^dll lg, n n La£ ^ jlaj^.A daLolc.^ ^A dalal^Ji .(^jduj ^ 13 ] 
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La co^)jaikl] ^jLkll ^11 ^Jc U ^ CllLalc.2] (j^aj A.^.^11 

* % % 

IjLi^. 1 Cjlal^Jl .ALjLa Aj^j.aUp t-ilfuiV jl aLj! jA AjfLi-alip l_j1^uj V ^illi ^laj 

(stringers) a^V jJall ^XjaVI 111 .(ribs) g^L^Sfl J (frames) eJ jLLVL> 

— 7 ^9 ^jUJl A_^.^ll ^.Ic iAj^j^^-a CllLalcJ S^C-Lui-all 

.<x3jil] ^1^1^11 A^.^11 L5^ C ' AjjV^Js 21 ^-^/LiJaLM oLa £jJaj <j^aJ 4 -1^L2 Lj .24 
Jl^> (spars) ijjVl J (longerous) o^J f-X? l^=J ajjV jWI £-X_^VI 

L_ 1 jL^JI ^Ic AILV^lali ^-^/LjaLMj Clllai^JI til£ £_iJajJ La 121c. . Clll^jUall AC-Llx-sa 
£_i*<l^. £_iJaj ^k, nj 4(JUla]l (JjJjuj i^ c " .AjtJaliiLa CllLalcJ ^clijj La-a 4 Ajl9j< 21 ^j-a A-udij 

— ^jLIall £■ jjL^JI jl cAj-saljiJlj jl iD^jUallj Aj-saL^JI CiA 3 ) 0V21 ~ C ' ll aC. Aa]1 

Aj^jal n.21 A_p.L21 ^j-a L QjjVi ^_^.^)Lk Jajoij ^Ic AiaSl ^ all (ja ^_Lkl.2l l_JjL^2I ^Ac 

40^)adjaia q^£j La L2lc djlal^Jl <jl jA _y^\j .AjjLall A 6;.aLi}.lII jl 

. CllLaX]l jlLall A .ql ‘v ^ - ^.V \ LaIij 



j£ja]| A^as-Xi 4jjj|j a j.\\ jU. ,.i a*3j5 : 24— 7 
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4 j£ jit Jtjil 1 . 2 . 4. 7 

Site c*\Via*i Igil La£ tLo Lc^j a aJVua a Voxa!! dA-olciH Sijic (Jl£jiil j^£i 
^UaLi^ I I i& j) m.j V t (illi £-o . ^ I Ail£ll ij jj Laa^ ^Axjola j)£i ^1 La AlLlj A^Lajuj 

Ajjkj ^)j-ali C c_Lii£jj (Jjj-aSj j)^AJ .Aj£^a 11 il ^a!1 AJU. 

j)A d±jl£ ^1 LaA ^LIaVI L_]jSl AulLxi (J^-l j)A -l! JA jA Si^)iiA 

il ^a j ( AijLiiA CjL^Lajuj (. 1 ^*a 11 ^Ac ^ ^Ij^A Aj^La ^)j-alic i-ALia'i 4 (i Hi! lia j . jita-oll 

jls ; jiLxAll aJL^. Ail tiili ^ ‘i».j .25-7 La£ cS^jjIxIa (J^LaI a q\i ~^ a 

jflj ^1 La ie-\ ^jaII ^^Ac SiLol! £jjjj ^xlailAj A^LajaII <J1±jIj j^fLj jl ^.x/n A-olciH ^)li^. 

> f f 

. A j^j'il^iA A_£j^)Iaj A q'j^kA il ja1 A_jj£j jj-alic i” njm ^jj jl jl/j i oKa l.g Ijx ili"i 
CiLsiliaja] A q\j-^A (jjl^la j oijic CIiI^Iaja aA j^fLi jl A-olc.il! jli^A j)^AJ tiilli 
Sjjjjjuj ^ tA^Kll tilli ^ Laj tLu^J ^joiLoiI ^jjxj (_^1 jjiJ t A j<i J-ill ^iUx^all 
(J^in AJjUa' 1 A j'q^J-all Cjlxliajill (jjl^jlaj A.^V^aII CjI^LajuAI j! <iili ^jxj .^-m-aill 

.Aa£^)a] 1 A ja nJo A_a joi 



A-iSj^il C^balc-il! Jjliu AujiXAll LjbalC'il! JlLuiS : 25 — 7 Js^uil 


j La-IIc A_j£^a11 j Aj‘Oxa' 1 ClA-olciH jjj ixjl jjlil jc ^ '<lAii^Al j^AJ 
A aAVua A ViixA A_aLc 2 (J^l O* AitiAll oil-All^ A_ALc.il! ^jax^‘‘i CjI^iaj L_fliiAl 

A-olc.il] aJI 3-ax 11 ^^3^ ^1] lijli t~A aJ^Via ^jlC- jl — a£Lajoi11 

lAAi^.1 li^)la (jl uJ H a j^yLolxll jliA .A-olcill g.l.W‘^1 ag-l,*^ (J^.1 j-« aIiaIoc! 

, f 

^Jaj-il! j-o L_J^)illj Ajl iia j!1a A j’lix a CilAlcil g.1 W 'iVl S^Lut^. jl ‘il^jij 1-oijc t^kVl 

!(_£^Lujj CiLolcill ^-o JaJJ jj A_xi^il ^1 A_^_ iix-al Ja-ujjVl 


619 



(7.6) 

<j J^aII (JaIjLA (jl ^ 


I middlesurface I c Ad 


El = E jjy 2 dxdv 

~A ji^aH 4aIc.a1I jic. SaIaII ((^ajIVIaII) ^I-VTaII ^ jjiill L_m. 

\ 

a yf^ aj£1a11j (7.6) <1aI*a 1I (J-ol£j Jjilkj . JaI£a1I S^LaI <x_jJaj (j^AJ 

i<3^11a 1I (_£jl^All ^jji^aII 

(7.7) 

JajAjVI (_£ jl^-dl (_£ j^^ill A-qLc- a!\ (J ^ a 11 ^^jllill ^^)*ll lc t ‘" U*^ 

JajuijVI ^Jajoill (j4J <L-alill <3 Laa 1I d 1 auj SAaIC'AII ^-Luoi <^.Laa Aj $<-^.^11 

ji 

SaL j j^Aj Ja£aj .((Jl*ij^U <jli±All saIaII) AaIc.a 11 (centroid) j 1 a]I ^£^a!Ij 
. dj I c SjUj ^a fc A (_^a SAljj (jj«^ J ^1^1 <aIc.a 11 cJ*-^ ^ WiVI 

<aIoA ^ SaIaU (AjuAIV'IA J4£^) Illjl-^A 0^)J*I1 a 11 <3t4jlall L_UjaJj i<AllA 

> > s 

SiL. dolt JJ frliajVI ac-Lai^. (^Jj\Vi j (Jj-saS (j^AJ V c<j£^)a SaIa j)A A£- ju/ia 

> sS 

fil, WlVI O^Lol^. i<Al]A (jA *^Aj .(7.6) <1 aL*a1I Ia£ t^.XAl.VA A^-J LJjJ^^Q 

j <j£^a11 4_aIc.a11 


El = jj£(x, y)y 2 dxdy 


(7.8) 


^ *i».j . (JaI^jII ft^Lujj E(x,y) SaIaII £jjj!il S^jUlIaII <x_i^lall £_iJaj (j^AJ V C‘ 

Jl - 

V tlA^Aj .SaIaII <AjuJ (jC- 1 g,l Wi 3 (j^AJ V frl WlVI Og.lxjJ'N.l AjjujAl^Jl <Aja 1 I (jl iAHa 


.4 jaJ-iC.1 4_aI_C.a11 <ll.J-a 3 t.ll ^_jc- <aj 3 S^)j^)jJallj 4a1^*^1 ^rj'Vxrf-ill ^xiAx^alill 


(JAX 


^Jj 4 Vida a Cj1aIc«A (j-o (Jfljjj IaAjC. <j!a A^j <11 3-a* 11 aJ } 3tl (jVI ^ 'i* a V ;<ijA^JI ^3 

4 \ a 1 ~icl I 4 t < 4 q < 1 jj\ (q-v <1 4 _aLo All i ** < 1 *< j^. a (_JjA^aSJ 1 > ^lf^- ^ * \\ \ .Aj&^a CIjIaLc-A 


. JaI^jII ^ \xa (33j El (^.li^JVI o^Lui^.) 


^^xl <jaAI V c26 — 7 J^ll Ig nil (, 3-^1 L^-° djlSlS^ll diljtjjjj (J^-l (j-° 

^)^^a (j-o <iLuA AxjI (__ 5 -1c* E 1 A-illjtll A Ajqll iAjIa Al _^a 1I (jl ^ ». Tn .<joiij <11 J-axll 

oAj>'l (JIjlSVI JjAaalj (»jAj j! tjjjlllll _J^I 1-^1 (jj^ C* c<x3jill jl A ^.jq^ll c-ll^jl 

* s- * t 

oUjl (^3 <aLc.a 1I Cljljj^A (J > u.r-iq n . (g.1 WiVl o^Lot^. ^^3 <aAUja ^)^l (_^Ajj (_^l) 

.Aj^jj^j-iJall A-iIIjlII g.1, WlVl o^Lui^. <aj 3 (jjqVi L ,<a '^'J <AilajA £3 ^aj t A'VqJ-a uj tA <nlll 

<xlall ^J-a'qA ( > 3^C-I AaIC’AH (^^j's.aII oL^jVI (^3 A_fll_ilVI £a Cljl3l3^)ll tlA^Aj 
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.^^Joc .1 g .1 WiVl Sc-Loi^. 26“7 iJ^xxill ^.s 

^^Jc .1 ^j-a (j-^a 11 Cliljlg-^j Jalj ^£1 (Web) ^ £-* ±45 l£^>^ 

> 

±45 AjjI jj AJjLJI (JjUSUT^II o^a ^ALuij V .^lijuJI ^^111 J] 4 »)dl ^-lak^ 

.l^V! ^E Ji, .s^k^A 4_aj 3 LgJ (lj * tiiE J^XJj tgA WtVl SgAxjj^ ^9 

# ^ 

Jiuil ^jC- l-li. a.' ) 3 t J JJC. AiLoUi ^Ac- o^lxj-sa ^daxy A_a.LuWi ( 2 )j t 4 _a>Lc. 4 ] ^ 4 ' 

.“Laic. 41 


>>»* 


-Q_ 





a^j>j A^Loxjj 

4 l n ^1 n'u ^ ^1 i ^'v • 

dxdy :$*Lai^J! • 

Jlc. El • 


A ^ 3 -aV^ ^) 4 C. a£L<ujj • 

6 ^)jlx 4 -Q ^ajlx^l 4 ^ • 

El= JjE(x,y)y 2 dxdy :ScL*aJ 1 • 

El= E JJy 2 
Jit El • 

( 4-ale- 41 ic. a ■ ^aJ ) 


AjSjaII <Lalc 4 t JjIL» Aajj*-dl *Lalc 4 l (_><aljA : 26 — 7 J£^ 4 i 


(JlxiijU 441141 j| j-J') cjL»lc.^li £) jjl 2 . 2 . 4. 7 


JsJ ^ -dijjij 41114 (j! (stringers) 4 jjV jLII pULil 

* 

q^ixa (jj ^4 CllLolc-^ll . 27“ 7 J <^11 1 g x«ox, j ^j 4 JJ ( AlijLiJa^xll ^JaliLdl 

4 g ju'xill Jl^uiVI t (Jj-o U^V Vijm aAsjAa ^JatLa ojlc- Jl^iuiVI a^A 

jl c 1 (jjfL (jl i” njmll (j^-^ .A^dSVld Agjuxi'l jl 4jtjall ji tZ jl J jl cT 

i tlVlj 
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^JJlaII AAI^IajoJ Cjlxjjjj jl AjAIjjC. 1 ^)JC. (_£^kl (Jl£juil (JjajAA Ia^aC- ^aJJ 

> I* 5! 

g-lajjl (jc- Ig'^Lojoi (Jaj V SaLa (j-o Ic- j'u/i^ ^-^111 U*^ iU?w cJ^ 

£ £ S # •* 

jl cj jl tL-J^ilA X A g J Hd Jl£aJ_l (_^1 t*L<ilc. Jl ^JLajuJ ^Jl AaLaJ 4 _a 1 _C-J 1 

li j j*a t GjIjaj^ jl i (chip) IvVia t l.j^j'il^iA Uj (JjjuAJl Iaa • s^>Ja 

. 1 a^. jn^xi (JjjIa Jji-Jall ^'ijl^c. U£ j • (milling) ^Liaj^JI jj^iJlj 



A-^jjLujVI cjLalC' Jl Jl^l : 27 7 ^3^-JI 


(j-G &A^)iiA ClililLa j)A li^LLajl <j£^a]1 CAIaIo Jl (J^.1 (JA (Jl£jJuVl JA~N ^Ajj 

jl aJsjJIj Jj£jou 11 ^c. caLaI^ Jl (Jl£jJul (_>axj ^lAjl (j^-aj cAj^UIj .SaLJI 
, . } * 

SjjjJjuj ^ ^AaII £-^111 ^ J j)^AJ (jl jl .CjU. jll CAJj ^aJ 4^liiA C^aJaaII 

^sI^a ^^9 A ^ \\ a aLxjIj i aJIj SaIc. ceA^iiA ^ CAl_2k_iil-£a^ CAIaIs^) £jJa j (jAjJajj oA^lj 

* 

^1 w ^ja^aill A !<■> i n l t/J-v jUI _J1 i ** ^ 1 J cl Jl l “ (j^AJ . Ajjjjj A \ \ \ £, \Aj A \c~. *. -N, *n i ” n -n. ^ 

.^jiKu cinun J t(stictching) ^UJl 


Aj^jIjxa (JI£jAi 1 a! a’iC. 1 (jl^jJJl j ^.LjaJl lAjl^nlaj AlJlc. (J ^.1 J -0 (_}a 2 


c<J1a .AaIx. Jl ^jax^oJ aJja! A_iJ1 A qjJ^ jj 4_aj 9 (jAjJaj tliA .A_j£^J1 CAIaIcaU 

* * # ■* 

tCA^UJl (JIa .J^l ^jj £1 ll (J ^-1 (j-Q Ajjoi 3 ljJl Jajxx^all AjJ 
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V V 


y y y t 

Jaxj ^11 J>J! IjJaj! ^gJj 4 AjjI }a}^ 11 ^jl ksiaW ^3 gLaaJI C1j1^)aa j 4^a£>lx21 j 

(Jsl <al£ {^ya^yu ^L-Jj\J^a11 (_3j 3 ^lAxxajj d^)xuIja 4_aI_C-A 11 <21x9 ^9 

. aV i ^a-lAx*a_l]lj 4 q\»“i^\I 


<iillaj J^xJ! (JA ^a£A ^aj)g ^ A 0 aAa 11 ^C-IaII ^j! ^ jaII ^a jg 3 a ^jj 

> ' y * 

iCjLiila (J£xoj lg x, >». Uaj 4^a£j 0 aIa ^ja <^.^111 d^jaS ^ixxaj .<j£^)a 11 Al ^jaII 

.28-7 J< ^9 Ia£ 4 4 UtA jAa _jl ^xj 0 aA Aj^)j (_£a1I A.W a!1 ^jIiaaII AdC- lg.\j>^9 

^nj c_fll£ (J£jaj jM ^^Ac- CRISIS jll ^-JjJajj (jc. AJalxxu c_a3j!ij 4 4AA jj £1 (J£jaJ 

- y st 

.^1^x21 A_^. ^21 SaIa ^)Jx*ij^ ^joi^J^ ^.Ic- *»— (Ja^ 1 ^aJ 4 1^)1 ^xjj 

4-alc. A £jJaj <jl cAIIa Axj 1 n^Aj ,A_^.^I]i ^^3 1^)1 ^xu 1 KaA A3 oAA J^3j i1L9^ 

^,Ja^ ^ja L_a]ljj <jl j)\ jxull (_J^aj . cAIIa ^9 4^)1 ^x 21 cAIIa 

tA^.lj aLijI (_ji (CjLall JJ^/I ^jlc. I_]ji xa^jl L *Og,1 4 O Ajjl^ AJjIaII L_fl Lfyi 

; * e 

lJa^JI (_ja^ J^j^laII a jq 4_^_iixxall aax! 1 a ^^£a11 ^jjV^ 

(jl A-aIc-AII <LoA (_J^AJ 4.** n*\ ) 4 A jW^i O^Lui^. SaIj^J ^3 ^IaII _jljx21 ^JA 

I* # ~ * # f , 

(Jjajj . ^^)Xxxal L*_aj\ C 5^0 A-AjjaaII (J^ aJ ^xxajL 

^ja L_3^)i]lj 0ljl^)]lj Ajiic. ^ialiA A^^.j U^°] C5^ ^ajg ^aI oAj^. ^ 11 <JjXx^all 

* y * 

JtiL (J£jaj j 4 A h\x x>i 0 Jj1^)]Ij ^JsIAaII oAA .^aAaII _jl ^xjl L_fll^Jai 

. djlqJ-all (Jlxxaaj^ 1 ,‘^aa 1 ^)Axxxa 



^laAa aj jl jxx 1 28~7 JUJI 
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£.LalC. tJ^.1 (j-GJ (jC- . C^^)lijaUill (jj~*k dill Adji^ikj Lg ^axili 

1 j)-G c-UaC. jl A ^ ^JaLoUJ t^axJl £-g c.l^^.Vi jjj-aV 

y * - ' 

ijy ^»J tlx_A Lg^-LaJJ L_1C.^)J j)jil]l O# oidxlaa Lg £_jJaj ^aJ 4d = Jj^Ll<JI ^_^J1_J 

^-iiailuaj .l^aj 4 _^.^lll j A-olc-dll jj-G (J£j (jj-a^UI c > lu/i'i 4 j^JIa-g 

. 1 ^ \ *^1 ^ j a 4 -n . \ \ 4_<q1_C. J ^ g I i‘* ujTn l_»^ajl 


^IbAaII dl j fljj ^JaLkSI d|j d Laic- .ill 3. 2. 4. 7 

JjJi-ail 


j£dd (J^Ix-gII JV^-oll dli A-gIc.^]I $.1 jj ^joLaII ^J-aq^H dli 4 _-gIc..i]I AjjJaS 

1 . 1 ^. 4 _a£-g (Jjill og.L.jj^k q\ ^jJaj Vi j)-G .<Lg 1 _C..i 1 ] (j!ia]l a^-Lui^. ^JLudG (J 

LgAIc- Idllc- (JiiiL j)V j)j£j (ji A qj'q^H ^9 Lg_j£lj 4 4_-g 1_C- .ili (J^.i (j- 0 

Aj^)jal3 <jIHg (J^i (j-G djlAm^li £.i^)^.j Aic. .Si^LoJi <^.^ili xn'l 

<^.^ili ^c-Lujj (Jliill oc-Lud^. (ji dil^ ^^dxj ijijlj A-olc.^11 J-^i 4_jllLo ^ i» \"i cSIjLg 

jjj^j V j .Aj^Ijjc. 1 jjj£j Vi ^-SkjVi ^gJc- j£-GJ ^^i ^IxdjVi CliVljtiji 4 JIHg ^Ic. Si jLgII 

# # Jl 

Cul£ j5 .J^lVi j)-G IjLj^I oIa ^-IxdjVi CllVl*iji 

dllxJalij iij A-alc-^li ^Ic. (J^i O -0 Ic-^j ^^ JUJ idla 4-l^.i j jJjui-g ^3 la^jj^a g.1 Wil 

.Lq 5dji jj (_^jjjulA]i cili^ ^-Q D^J^Vi 6^A 


^ \, WiV i j ^ IxajV i dlV Ixiji 4_jlHo i ^Lolc. ^il (Jliali 4_jllLa (j 4 i j 

<Jajj^)-Q j^^'i dji^ ^LqLc .^11 $.1 j ^.1 (j^^j V 4 L_flj^)*li]lj .i^iL 

^jLaiJ (^gAc. S^lLxuj — <Ld]l Ja-d (J^i (j- 0 Ajl dilj ^ \»,\ . (j^x.^li 1 

L 5 ic.Vi ^ ^ j^Ji V j 4 ^ij^Ji ^ 6 jidJi i^- a u ‘ 29-7 cJ^-dli 

(Jdili <jlHo (, 5 -^i o -0 ^ _^i id^ (_^Ld ^)g,J^ij 4 ^ ^ (J£jdjj .AdjjL^Ji (flanges) oLLaJl-j 

JaijjJ dn^k c 29 ~ 7 cJ^doli (JAAJ ^ 5 ^ ^J^'dli dlii A-olc-dli ^ i-gdo ^) 44 ^ c 3 i 

All ^)LujJ < ddi]i Jajj^)j V . ^j^xx\W 1 g ks-iX \) <^lc.dli ^.i j^.i ^)Ay 


(j-o Aajjjj elLaAl tjj;\ ^Jaxoii^j ^Ac. AslaAlj A jmqIIj A jug 11 ^JaLa]! dll A 

.0*3 lili-G ^JaLJ! JObj ^ jill JjU 



r'^LyXj* 



jJa2u]| 4 -^jILg CjIaIc-J Jjliw ^Jaqull Aiftju dLalc - j :29 — 7 JiiS 

\jlda3 S^C- (JjIjj ^C* ^ <LgI_C.Jj S^)jjajjj — S^)ijaAI Aad A-gIcO (JjJaliil 

AgIc-J ^da t^jU/n'llI ^}Jaj Ag_aj C}* tl.JUxi 1 (Jg.xxAl ^j-G tjllall (JjAxxi C5^ «^^Vl (_J-£*d 

^(Jdll 4 j\A^ lA 4 - 11 *^ CJ^ ^^Ac. 0^*^ (j-Q 6_JjAixxi — (Jj-aj Aad 

AgI_C.J £_daJ LgAIc. ^JtAlLaj ^)-gI S^iO! (J£joi ^^ic- AgLcOI c-ld ^j! .Jauj^ll ^^3 

.oJLg J\j ^ ^-ujAIA e-ld JJa) ^3 ^jVI ^li^. 1 Wix«al ^3 ^JaLuUJ IdV 4 Aj£^-g 

* * * 
J£j^i ^ic- Ad ^j-G Ic-^j Ig . i^g Vd £jJaj t ^gjoi£^JLjj~ V’ nM j)£~ ^j-G dldia £_dj <_j-g Vd 

" # •* f 

(j-G £_d-ali]l V* n^. ^j-g Ajj)*x.«a ^jj£I L5^ 6 Ajm^H (J£joi ^Ac. AgIc. ^\\ UgI . (JjuixAI ^j-a^)3 

<a.laJl L_nx*ijjj Id'qx'i ^yS^\ AxAi.Vig.il c > i uxi i tS^jjAixxAl — S^jibaJl (J£joi ^^Ac. AgIcOI 
. ^AgLcOI >». i\x«a*i S^LuOl Aj\Al.l31 AgIcOI ^j-g 

da (J^xxn AgOjAI £_d-aj ^j-G ^£tlll (_jJa^)*j ^AlilxOI^ lill ^)iaj Ag_aj ^j-G 

Aillx-G l dll 4 O^JjJaVkl — S^)iLjd]l JaAJ AgIcOI (Jx ij'Wl l.JUxl 1 (Jg.xxAl ^j-G Ajli iV jl 

jl jl_g_a ^j-G ^^Ac. cJ J - ia ^ (jl )\) • (Jal.l]l j)-G 1 \x ksi l^)-ol Astlall (J£joi ^jAc. A_aLc.a]1 

(Jjj-aaAl ^jJ->uxii Lg (J£ (jli t^^jlaAl ^j-g A_jjl_*-<A1 liljla. .(Ja.1^11 ^j-g ^aAl c. V*\g j olj] 
.A_a^ill S^C.l3 alijoAi AaLjj^jl o J _^a. (^Aaj ^Ix'n Ajjjx^all ^_j3 c" il >^<A1 AJaxjjl^j Aj1c> 

* s 

.L-Jlill IAa AAl j] 1 \Ac- ^aj 4 A_aIc.JIj AlJ^.G L-Jls ^j-G ciljlllGl Lg^gC. 1,'nlc. 
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J 1a3jC. *>a\W pljjl Aa 1_C-3]I Wl V l" L_JIaSI 1.3A 

3 I t^nx^dll S^j^Iuj J x ai jf*i 3 ^ 3 *. Jj tljLl ^.1 (_j^aa 1 I 3 A t A qjq^vH ^^3 .JaiuJa ^jjIj 

^^3 A Ay\\ t^LoLc.^11 (J^l 3 Ia ^ja L_lll3 jl L_ll c-LLiLj C—lC-^j 

<3tJalijA CjIaIc-3 lI ^-1 <_ja ^ I^A .(J^.1^11 ^ja L_lldl 

/ # # s 

AaIc.3 0jaj ^Jal£i]l A^IaiA ^3 ^aj dli^. 6 1 g,nj IajS 4<_£^k! AjjI j [^\ j\ t 90 AjjI^J 
.- c > 

AaIc-311 L-jjl^^. £_lad Ajj^JI i-*\\a 1 V . 1 g,*A ^Jalijj j AaIc-3 0jaij ^jAjJa 

at t £ f t 

L_li]l Ij^^J C-ljjl AaIc -^11 (J^.1^11 ^3 J^^^A L_ll tj?\ yijlj 

l.^Wi jj£I lui A3 jI*a 1I <jl tlj^Aj . J^.1^11 ^ja AaIc- 311 (jjoiiaj ^jJ-iK*n V lijli 

.O^ilajoi “ 6 ^)ijai]l J^aj <aIc-3 aJU> ^3 A_±a A_xla]l ^JaLo djli AaIc-311 aJL^. ^3 

.« > 

<ja£j .Jiill AJIaa (JjjLaI ^^Ac. < - 5 JaU 0 cJ^ ^jjjaLC" a11 A_LLuiill Aullxili UJ^ 

(JjAl] A_jJai^-iA]l I^HajIIa ^3 S^jJaxu — S^LaII AaIc-3] A_1ajaVI (JiiVI Aullxill (J^xa c > 1 U*j 

A_illx]l AjijaSI AaIc-3 AuILxS c > \ ux 3jxj Iauj 4^A_JIc. 3 JC. ^U^JVI 6 »Ujg> cJJ^ C 5 ^ j) 

2 } 

AjlllA jjjJ . (J^IxaII p!j|j ^ j^aII ^-LaL<i]l dll 3 AaI_C- 3]I AjjJa3 (JjJaSJ A_Jl_xJI I^IIajIIa 

(Card) 3^l£ A_iij Ia£ cel^ilA A_x3^i] j! A-^^i] ^\ juj ^\ aJ^a^. ^3 ^LqLc. 31] (Jilill 

.[3-7] (Jones) 

AaIc.3 Aajj.Via 3 ] . (J-uaIc. Jl CjljL^Vi (JjlV'i L-io^j Lijl 
(J£joi AaI^JI ^3 l,g , *ia AjC-l^ia (Jsl j '.^qx'i AAj'q*\\l ^3 S^lLuIo — S^Luill 

CjIaIo^I] Sit^All ^La 3V! jli! L (Jj\ V'lll LiL^adl (JaLaJ .A_xj3 

o^iboill ^jOjaa ^3 3 -adl ac-Lud^. 3 A (j;i*A ^I^La .( 3 jJjaaII ^3 ( 3 -adl o^Lua^. 

^3 0 Ajjl^J Aj^j^jJa 3 -adl o^Lai^. 3 ] ^ \x) .^J^Loill 

> > 

^3 o.^j^k ^11 A 3 j^Jall o 3 A Sc-Loi^. 3I .A_^. 3!]! AaLc-jII 

^Lolc-^ll ^3 0 Ajjl^ll al_Jl 3 A aJja^' 1 (Jill Ajlj 3 i> _ 5 Ac- CjIaIc.311 

- * 2 * 

jA l^A .^JAA-alill A Ajg aII AjjJaall 3 -adl d^La^ (JiiAJ i l.^A_j ,^}kxJ^\ ^3 A_^,^il! 

.Ajlj3 (J£ja AaIc-^II QAt.si ±45 Ajjljj bLJl ^Jaj c > liui Ia^aC- 

1 g \^\ j c&^jJaja — o^ajoill ^Cilc .3 3A 13 ^. A Ag a ^ 3^.1 AjjJaS cilliA 3I 3^-Paj 

^c-luull ^^3 ^-sadl ^^A j VI “ AjtjaSI (J£ja AaLc-^II 3 A 3 ^\JaVI (, 5 ^ Aa^a c“ UjjjI 
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jLlul A ^^3 ^^Vl C^CJjolAI (_£A^A*41 {J? jIiuIaII ^3 (_£ I 

^ Ia^. A a^ a (jl jl cAI^LoiH ^Ac. aAA AlijLja^jjtJl (_j-£aal! ag-Lui^. <jl (jjjjj 

(_]£jai 4 _aIc.aH ^3 (J^LlaVl (_^Ac- LgAjLjJ A-laLaUJ ^aJJ V \.^ l ) J ta^ilajAi — a^)ijAAI til ^L a 

^3 AjaaI ^jj £1 ^^ALja^xAl ag.Luia. <jl (JjVn (jl i^I^aj .<x4a]l 

\ ^)ks~i\c- a^)jjajj4 — a jiAoll 4-ia^yLA ^jLjj cVI (Jjaj «^-Lj IaAjc a^Jajui — a^)ijaAI 

^saall j g.1 WlVl (jl <A11 a ^ *i»j . La_i3^) l^jj-aAc 4 jlj3 (J£joi ^Ac. 4_aIc.aH (jj£j l-anj tl^lAjuj 


(jj£ c > iu*n i^Lja^xll (j^AJ 1 aui t4_A VujjVI aAA ^^Ac (jl’iAjgj (_£ jAjaaII 

(jA t^aJ .^a^ilajAi — a^iAall^ l^_i3 1 Ag a ^Lalc. <a^. 4A^_iaj (j^fL (jl tl^jA^i a^ilajAi - a^iAoll 

4_aIc A aIajc! (jA jLcdU 4 -JjaL±a 4_iVlaiA CjIa^Us^a ^)J^laj t ^ haI.C A ll Lil£ (J^ 

/JL*I caIa 


A^lC'All ^j4^1 4.2. 4. 7 

(jAa» \ j 4_a_iJal^]l (JaI ^*AI ^js-xxa AjaAVI AAIa 4_aLc.a1I ^jax^-i'‘i AAIaIxa (JaAjAA 

ag.Lj.17kj V jl LS^J .30-7 J^'l A^S^ ^3 Ia£ cl_^.jjJaj (3^VI (3^°l 

^Aj ^lii^A V -AjaaI (JaI*J1 L^aI ^^Ac. ^4JUa*AI chJ j) 4-gIc.aI g.1 WiVI 

LiJajI ^-LiaA (jl (j^AJ (3^ tL_Lui^3 ^)j1.*s.a 11 (jA (J gl WiVl ag-Lota. CAIaIxa 4_3^)*a 

Jl £ Jl 

Ia£ t4_ALc.AH (JjiH ag.Lj.17k (J^AA . CIl^jIvAI (j>ixj ^3 4 jj)Uqll g.1 WiVl ag.Lj.17k 4_3 ^)xa 
~ a^)ijAi]l 4 _aIcA n^)H (J-aLstH IaA (J4-0J .AHa^ ^Ag a AjjJa3 cIajLjj IA^)£a 

CAjUil .l^Ac 1 nWi (j^Ail^ <xla]l (J£jA 4_a1_ca11 j a^iLajA 

^ajj LaAjC aljAudA ^jJa^)*Jl ^JakAll lg_i3 £j*-£ 4^j^)iai] jl 

# > 
4_a1_C A (J jIjj La jA ic t Aj^IAHj . CAIaIc aSI (J^.1 (JA ^jjAgA Lj^^j <Sj3 

C^Wd)S) ^cjouHj taliAoH (_£ 1 ^)j-alAx]l ^ja CAIAj^a^ (_)j 4<1aL^ 4_aIca£ 

4-gIc. A ^jaj.^i"i (jLliai ^>AjJa 4 L_fl^)xj ^jl Aj^jj ( I A^A j . 1 £_a L^JL-ajl 

^ja (_]£jaij (.5-^^ a J^) Via 11 4j'V)-all ^Alaj^all aa-Lm^. CALaIxa La 4<j£^)a SaIa ^ja 

ag.1 4 a jq \ ^"ig 'i c_a^*jj 4 ^c_i*jA (J£jA ^jj-saic (3^-1 (j -0 4-^LcaH AA1Aj£a 

^-saall ag.Uj.17k ^) ujm 4<A11 a ^Ac. a j^Lc. .IajLa Ij^)£a La£ <L<aLaJl ^jAjaaII ^3 


(EI) X , (EI) y a-AM S*W 3L.I*- 

• 

(EI) p ^..i^ll frliaj'yi os-Llhs. 

• 

(GJ)x SS-Luia. 

• 

r (warping) JLiai^l Culil 

• 

AaIc-931 j.^1 \a \ 4_iLlLi] 1 <J^iix^l3l OC-lxAi^k CjIaIxa 

• 

^t_ixili!3 <_£ J^AaSI ^^9 (_^}-aa3l D^Lua^. 

• 

^cAjaiiil A_ijLiJa^)x3l (_^}-aa3i o^Lai^. 

• 

Z t £jLk 

• 

jc. Lilli 

• 

4_i^.jj3I 

• 

jIj-11 

• 


4_alc,^U (JjIaSjlj :30 _ 7 JiuJI 

> iS 5! * SS? * 

t<JaL-uJJ .1$] 1 gYn^ OJh^. V 4jjJa9 AaIc-^31 4j Yja&I (J£jaJ 
* * 

^ill ^x^.^a 31 ^Jaxull j AaLc-^13 J^j>j>ijja31 ^£^a31 <9Laa 31 ^jc. z 

4_11_^. ^ cljjJ ^3 j5j V tJliLaS ^Ic. .24-7 J^ja31 Ia£ 4<aIc.J1 <j 

^jUJl j ^11 ^5^ £jJaj C5^ tD^JjUall 4_^.^3 

CjIaIc-JI LixjJaj Ijj Iaj9 IaIaj 1 ^Vi^sa ^aV^ UJ>^.. UjJ tuaji £a .YIaAVI (3^ UV* 1 ^ 

4-^. ^131 ij\\\\ 4^1ja6 AjIja JJ AAjouIIj ^_^.jl_k31 4_^. ^31 ^1 C. ^al ^Akl«l3l 4_2k j\\ (^£- 

<*.9^9 (J^l J <_ja CjIaIc. Jill ^jJa^A J^)^-a3 (_j£aj CL_flj^)Ja31 (.** l Y'l .<aC.Ja31 

^9 dll^)A ClL/lj jl (JJJ^)A J)\SLa1 ^gjj u' C5^l ‘SO^ AjjI j)nx J 

- ! [3 — 7] ^IxjuVI <!^a^. 


lijxjJaj L-a9lj 93 Aj^£^)a^U1 JUaJ 4_i9 ^jj (Jj\ Vi ^1 ^jl ^_iJal ^31 ^ja 

1^. ^ja i** n*\ c<j£^)a31 ^ 1 } (Ja3 ^ja ci3^Loi31 £ja 4_uiij £ ji3l 9 ^jj • 
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A-lUVu J ~g.l.Wil j ) \ (Jl-allLo A_a 1 _C.a 11 Ajj^^aV _jjl (j\*‘n . A Ag 3 

^gjj A Uai'^Ij CjlkjJaSI (jC- L q\"lA.j V (^jll tAjaJail A_^_iix^]l (Jax>i ASlSjll (JjjJ J t^OC-Aill 

(j_jfLa (jl aJUVhT^I j g-1 WiVl (jjj JjSVI 1*^J (j^AJ .^£^>^1 jl dilija 

^_nll iillj ^LiiIxjjIj c4_aC-Aa A_m] cJ.)'^ <^3 a_jlikj 4 Ia^. 1 Ag a 

A Xj-s-ijla <LoIc.a3! CA£ 1 il Lcu 3 (jj^)i]l j-iiAj ^ ^Jflajjij V LijV tAjjlujA A qa x>i‘n 

*!.&! yUaL-Vlj sUa^l (jjj (Jiuil ^3 jl ^^^Ac-1 C5^ 

A_iiLia A ~\.\kt>si (JLjjI ^3 jl ^.Ic.1 ^3 A xksiJaa (AjIaIc-AII (j^£J AjaAI V (j^lj 4 La A^. ^] 
. Ajj^^- 0 aj3 jjjIj l" 1 Vi A^.jUl Lgj ^ Kli ^IlJ\ A3J^)Ia]l ^3 ^)_£jlliil ^3 V) 4 Aj jIxaa 


.AaLc-AII jlxjl j (J£jui <AjLaLc.a11 {\\a ks~\\ (jc. (j^l AjLxJ aLiix-a j La ^J^ix a (Ja!1AiJ 
tH (J£jA ^Ic. JViaII ^Llijlj 4 AaLc-A] 1 ^ c>L£ijl IjLjAaall aAA (jAjJaLA 

S^LaII l_u£jjj aAW a!1 jLxj^I AiLjaVLj 4£cJl tAjtlalLj Aji All (J^Aill jl 4a^)iAi]l jl 

A3Luia]1 ^)I^Lq AaLc-AII ^\At,sii\ ^3 A_^-Aalj (£^)V.l (.** ll a\» a (JaJjAj . ^C-lj ^jj-saic. (J£J 

(jlauj LajS L^jjJaj jj£^ 1 jjflj AS (J£jaj — j cl^JLjJajJ CjIaL^jI ^A La j tig, nj (Jj-aSj 

^ ^-4 J . ^)j-aLi*J! aAA l.g \a £_ix-aj ^j\\ Isl ^ a!1 ^aLa 3.7 a^jiali ^^3 aliljLij Laj 

(^ixliuij ^jl CIjLqIc-^11 <11^. ^3 ^jJ^'uai’i tdjLalc-^]! ^jC- AAjLuJI jj-u^) 11 ^j-Q i 

Ijji^A (JLoxjjuJ ^JiLol ^g-ujLujl (3^x*ij t^-laLiLo ^j£Lol ^3 aJ jg i>n\ 

.AjciLiluij <J£j^i Ajjiill ^Ij 


tA ^. ^111 jIxjIj (J 3 WT 1 U x>i3 CjUIc .^11 A dll (jiaxJ 

A\si\aW ^Jajo) A^Lud-Q ^jLiioV^ {j^*A (jl ^.jJVujjI . (jj^-ol C 5 ^*^ Cjl 

Lq : jIxjVI (j-o ^-1 _jjl Ajjlj Ua (J jliij UjI tilli .a^.^111 a£Luoi jl t (Platform) 

Lq^aC- Ljl a ^A JaI£: ^ x n i ? (^*1 a Lq^j t(J ^^1 l-°_5 tA^l-Aj-a]l ^Aa 

(jl (j^-aJ 4 Jllall C5-^ • 1 gx a (JaIxIaj ^lill CjIaI^jJI ^1 ^jl AjjJaS £a Ia A^j^jIaJ 
A.AUuy CIjLaIc.^ (jli Vjj iAjJaj^)C. CIjLaIc-J ^ja a j q u^Vl ci^l (j-° A^jaxjj ^Jj ^ 1*^*1 
(jl Lll (j^-aJ 4(_£^)^.l A_i^.lj (jA .A_^.^l]l (JjaVi j)A A-laLoUJ A^jj (jl (j^-^ AiLs^ ^5-^ 

cJ^ i$ A atl^a j£a] 1 (j^l j ilA^. a^jjx.x^ill AjIaIc-AII (j > ixi Aklj 
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CjU. jISI j AjIaIc-aII Alnjaull J^LAaII jAtill Akl ^a nj tl^Aj .<Li3j 

.jliioVI 

4 jaLc<V1 <-^.^111 c-IaAI 4aI*J1 ^^3 4_aC.Aa 11 ^iC. 4_^. jlII ^aAj-saj 

> 

A_^.Loia .iLajl (_j£aj 4 till j Aa_J ^ALaI 4j^)a,i*oVl 4 A£Iajaj ^£jLiaa]1 ^^3 

.<aC- AaII 4_^. ^i]l 4_1 jaI D^J^JjA (JA AALaja]! SaL^J 4<^.^1]1 


jl tljjli^jl Ajlsls^ll y^xx,\ L. fll.Qjj ^,a, \'\ \ 4 4_iiLia A ‘\.\kt.s* <£Iaja ^)ja ks\\ (J^.1 ^ja 

2 Z f S= f \ 

oA^.1 j S^aJjaa <sls^j <i3j!iAll Ajlsls^ll ^Jaaj 4 Alii ^Ic. oj^lc. . lAjl^Aj jl l^JaliLJ 

_jl ^gjt-ifLa J£jaj aIAa La ILA .31 — 7 ^gi Ia£ 4cJaVI 

S f ■* 

. AjI I Aja_iJa^A ^3l yA LAtjI (J^LLaII gAA (JAa (-LULaI^ ^)Ia^AI 

.A qq-SA AjIaI^a,! y&yi ^gJj ^JIa^J cJ^jaj <3.Vujja 11 4_iiLia]l A (_£Ajj 4AI1a £a 



jja^JI ^jli (.A j^iJ-ili A ~\ iL^H A^Iaja (j^Vn ^All AjI^jIa^AI 

yy&i SaIc- ^aJJ . ^AjLllaJ^ AjIaiL AiljJaj LaL <£IajaI1 AjpuJay* SaL^} IaA (jjL/lll j 

> z 

£a .32-7 J^All ^3 La£ 4 4 q\"i'N a (JI£jaL Ig'nl j 3 ^aJ 4<sLiJaA]l <j£^)a 11 Ajla±la]l oAA (Jja 

a * 

Lii Vi lAAAti 4 AjV^a.A 4'qiL <jl^L^-i^> ^-aLa! 4_2ja3 AIlSLAaYt AjLjJ-ill A_Al£ Ijj 4A11 a 

<j2aI oAC-ls ^JjaIj O -0 (jjL nil J jjol^JI ^a. W'uijj .0il^)]L <LuC. J^LLa ji AjI^^-9 

^A_^j 4 A ia j. Ai^aII JaVi'1 d^)A3 SaL^} 4AjL^. ^ i]l ^ iLilc-^ ^jiL'i 3^^ o-° 

.33“ 7 cJ^Aall ^g3 Ia£ 4 0»Li)2kj <jLa ^L-ali]l A ^L'ia jj 
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4_SU* ^3 j • 

4 4 l-> 

4 j’l.'ix >a 4 4_1L^. ^3 4_iujl3 Sl^j# 

4 j *^fL 4 Q ^ jl <~_a jjI_^j iilj jjj 




AjK' 4I ^LUaJ) flu :32-7 JS4J1 


k~- CjLalc.41 mI'/i JJ3 jJ • 

CjU^UI 

a j.13 sijj • 


^Jl 'l L -* ^ 



Aulkl4l f LL tjlLulaj :33~ 7 


S-iaUUI a,*! u^l 5. 2. 4. 7 


-oaIaa] H^aLk 1 Axj ^UuA^>U ^jjiLa ^jc.. Vi ^aj)g Aa a -LoIxIaII 4,^ u*i\1 

O^LullI Cy* 4 x JoIaLq 4_aLc.^ £.ljj ^ajg q>all 4 jI*-1 IaIIuj^jJ 
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Jja LuAj <JjuA l,g a <aC-Aa 1I ^ill ^j! <A11 a ^ \x i S ^JiJll A^Jjoi (Ja jAua 

o^j^all (j^lj cAuljaLaill JL-aill ^>j£I <lx-ali caIsLaa £_a cIaj^j t(j£l j cjsjll 

(_£^)ijJa31 ^-^ill 4 a J-al.q^H CAIaI^aII *L2A] ^^Ac. 4_aAi^> ^jAaj IajI ^3 (_ja£j <4j4jJl 

Ittl S^jjaS lA^£ lAjl (_jJa^pAil t (J\!ia]1 4_3_1Jjoj ^ic- . lAa. <l-alA. 4 Aajj^ <ij^)laj 

* * *" * «*"* 

4_x3ji]i (J L5 Ja1 ^ ^'1-fAjVI ^ 3 Uaia j oLa-l^l 4jAlaJ <. sl_lll ^ja Jajl^jjA t JlL ^1 ^j^jAj 

s! ; 

<_£^aA .S^ibJall <aI_C»A Ijxai.V^A Ig'nA^n <_j£aj JjialAA ^3 ^AA n 4 ^ i taAK^a CAI^jLaa ^3 
<j| (All j ^A*J - ^ f~- j, V^\l JL^aAll cALLolA i‘* ' ^ 4 L-Al 4» Ul q"i ^ 4_iL^)iaJ c-LlllI I.A& 

^jlx.J-aliilQ aiLUajj c** n*\ \ 34-7 ^ 11 c_fll_il^U <jjliLa caIaL^jI <jj^j j^aj 

^^3 oA^.1 j\\ iAIjAj ^jL-al iALLoA (.4‘^aj La£ IaIaj t^^jJaxJI l,Ag j>Ja* ) £a 

^juj^ ^ jjj JaJ^jjA ^ja <jj\Aja (A* il <Jla J^lL ^ja 4j'nA 4 j^Al kxs-i IjljjJaS AAIaIc-AII ^m,*i 

. ^Ix-aaA ^cjjl^) JaJ^jjA <_ilj (_£^Aa 

.^L-aa-all 0jjl^)ll 4_la^)jaii ^ja 4_sIj£ ^Ac-I j (J^l L <aj ~ ^x^Sk ^juj 4_la^)jJul (jj 

a 

C' ^j3Li J^AA <^_sl_ilVI A* yla Oa Ac-liil Jjlal! ^-L-aaAll ^cjjI^) 1I iaj^jjA Jaajjaj 

A-u^A^II oAjlill ^ja£j .CAIaIc.a1I q±i C" \\ xlal qnll ^jc. ^LJb CjlaJall c_j£1 jjj c-UJl 
.4_ic. Lq ^1 jl cil^LujVl ^—al ^c- ^^Vl lg.>l.‘*vjil ^_^3 &3& Aj^^axII A^ulill 4 _j^)LLq 

\ 

Jliall ^ilx-aill ^Jc. <1^1^11 6 jAiIaII (oAlaIxUaII 4^JjJo 11 J^pll J..^ xxnll l^J 

.4_j l^p4^ (jjA yg.j (j\x, u^iaII cjxaj ^'p^Vl ^Al -l^-l l^Aj io^)jUa C1 jI_^.^11 

# f > A A 

I^ja 4_illx3 <aC-J-a! 1 (j^^4 *>“ n*s cJ^P cJaVi LaAIc. 4_aC.Aa11 ^Aj (JaxjjuA 

Jaill Cjl^pUa J^l {ja SAaIxjaII CAKu-All CjIa .4_aJall AjaL^.1 

A it - A 

jljjAll A^aC- <31 Jl (j^-AJ iAHajj tl-A Ic-^j AJaI jla^J ^Ja3 ^ja ^Ax-aJ o^jj^ll 

A # 

. <JLajt"uJ a^lc.!j ^ja <J ^ j'i ‘Jly^jj''i I ^ ill 


J^i') 




jJi ^ a*; 4 $Us' :Waffle 


( ) 
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S ^*1^ 


SjaIjuaJI A ^ :34~7 

* # 

£_A Cljl-lliLaJI ^ >." i\a»'uJ lg_&] j ^ajg Qa^ O.lj.1^. SaA*Ha]! 4,^ u'lili l**U*n' 

* 

s-Ljas j! (Jiil <c- j "Saturn 4B cJ^^3" ^ <1 ^.^)a cii£lLalj ^j^IaaII 

^j)J*ia 1V1 ^j-o a£jlaj^i A ^ j 4 VoxaII d«1aL*11a]I a£jjoJ 1 djiJjjl l.g j u'L UaAj ^Ak]i 

.» 

4£Iajuj tiBi J tl_^_i3 C1 iLaIc.J L_lC.^)j ^jll (J^Ia^I (JJJ j Ig'jaVln ^aJ 

«= £ fi t * * -* 

<ja <il£ Jjjl ^Liaj^II Jjijujjll (jl ^-j .AjjIj CIiIaIc-JI c*1jjj 1 “ 

.A_mll ^Jj A SjIaII (Ja-^aI c-LiaxJI (Jjxjaall J^^-a 

^Aj tA-uiij J£ja 11 J^yiV'i' A. :,| ij.W <3j^)Ia J^^-a oAaIaIaII A^uall ^>iixJ 

^-9 ^gjljAj^ll (Jj*jaLi]l IaI . (JAxaII ^j-Q (JA V -lj 4 a£^)a] 1 4_m]l ^^_nj Llj^ AA l£ (Jsl 

. * >• 

S-LiaC- SjSI ^ai ,W‘u J J^)^a <jl ^LjJal^]! ^ja j 4 1.1^. 4_illc. 5^^ d^j^jAuJ 

J ^ja ^jju] . c_Li]l£!i]l AJaAlj l.x^ijl ^A 0 jIaII (Ja^-a ^ja 

- f c sS f > > 

^3 "©.IaIaIaII" <L-a (jl t90 I AjjLoia CjIaIc.^11 a £jj ^Jalij 4jjl_j (j^£j 

J> ss 1« 

CjIaIc.^ 1 Ajjl^ll CajI£ lij ^3 .1.1^. ©.VY^a "S«1aIxja1! aS^IT ^liaj-aA 

jjjIj Ifc-ljc. (jj^J t^-^Lk^aVI AjjliiiLa i'll"''*/' CjLalc.^11 t" iK.T. ^Jllllljj t60 1 <JjLjui 

> # -- 

<£ikl]Lj lA-lic. CllLalc-Jill oi& ^gC-Slj i^jjoiLail ^jfLlj (Ll^.1 '"'^ ^^.llall (JjLaia Ajjijll 

.(lsogrid) <£Lidl 
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3.4.7 


4 A <C-Llx-a (J^l (jA ^£Sl J*^J ^Lja^^-Aj CIjL^-L.^ U^ x } (_^j nl 

La] ^)iaj]l ^JC- (^ J *^ a _^l <^1]L L_lA.Lj ljc.J 4Vjl - (jl^jL»H j ^.LiJaall <C.l u*a (j£li] J 

— AiLLall aA ]£ ^) n»,‘i (jl ^ x nj 4 <C.l u*a (_^l ^3 j 4 Lq^aC- .(_£^>k.LM ClAcA u^-ill ^3 (Jx.^ryua 

ji 

— Ig at a (J-olstlij ^^L]l C 5 ^ cj-AJtLjjj ^^L]l SLLa]1 AjiC. jj (jC. ^}Jaj]l (jJaiu 

<]ljl djl^j^lmj (jj^J 4(_j-aLk (J^ j.‘jjj .&LLa]Ij AiHall 4 _^JLla] Aj^jj^jjJall dal jjg.Vlll J 

s> f 

<j£^a 11 SLLa]I l a \n c<al^l] 4 j^3 CIA^-L^a j)l^)jia]lj e-Lja^]! <C- Llx-sa ^3 ^j^x-aII 

* * s: 

S.l^j^.L/1 -i-iC- Axj .LI^-aII <UI jl 4 -ajaI lAAic- LiiJal^jjSl .1 ^.jJ V 4-jV cIaIaj ^u£xJ1 

^-iaS Ai^jJj ) <L!Laa]I oLa <j£^a!I 4_^J jj LaIij c<il£l] 1 1 ^-L.^a Ljajl JIaII 

4J3I C' il'fnA (JsVI $.1 j^LM L cJ^> 4<Ljjjjj ^)j-aLic. jl j)A 

^3 ^)^3^ L_li£jl]l <i]£j £.l^)jal]l ^)AjuJ (jA (j£ ^3 ALaAI jL ^)k.l <il£ 4_k.^A l-^A J 

^A ^1 ^ja]I (JLaxjjujI (jl . ^ ! Ia Aj^uj 4_nj ^^3 aA^j Aij-al jiA]l L_J^ili]l (jA 4 flV I 4-^]^ 

a L» t ^ 1 j r^jiiiliLA ( jikjjiaj I La ^_i£^)a]1 LI ^a]I 4_^Ijjj 4^kl A-illc- <al£j <^^a 

^C- (2jj 4 (jAxaII <UI jl (jA V-^J 4 _j£^)a]I ^I^aII c-Lia] <Lii_xi]l { x-ili-aj]i CIjI^jj^Ija £-1 ^jl 

.o^j^li]l A j^nl^lujVl LI jaII lA^)jL-aAJ LI^a (JIaiIujI 


^.jua'i 4g.U>»q]i j (jl^)jla]! <C- !_!*-£□ (JL^a ( ^3 S J^UJI Ja.1 ^jaj t^j-aLk cJ£-*1j 

(JaI^xII <aK]l CjI^^^a ^aI ^ja Ia^.1 j Axj <judij fi^jUall (JfLiA 

*A jj ^ A_ixjj La ijaC- c^lijA .ALjL^aS Aj^^ja ^-lj-i-^aj 4 ^ 4» n L> ^J| ^ L> Ia1aja31j 

f S •* 

CjlAlall ^_^.j1j c > iu*ii 1 A£-ljj-a]l oLa ^iixjj .Aj^jouII (^jLlI ^£~ 

CliV-^t-Q ^gij A-laLudJJ cdlL J^xjj cIa^aC- AijxjJa ALajLM (jl La^ .L^LiaajVIj ^La^jL/I 

j)A ^C.^)]ljJ 4(j^] .(jjLjll (jA 1^. (_3_llaLI ^AxSIj 4 1 J U^'l <jJaik-lA]l ^-tijyi ^C1 jIc.^)j-u^ 

^jA*JI (^£- AiUa ^JaAJ (J£jaJj Ljajl iilLiA 4 d jjAA (_j-ajL-akJI fiAA ^ja^ 

* 

^I.^Vu J ^^3 ^joi jLlI jL]l U-J^j 4A_i]1*]! CjI jI^aII (_^jL (J^IaIxII (jA 
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JaIx£ J Clalc.1 u^i'l <ja jjj£j ^>^1 A-Jl*JI Li^^ljp^nll 

. 1 Ag, i.a ^ J>U (JL^-q V 4_la^)jj ^3 1 g"iA^)J 4.C-1, u^H oAA Cllx5^] ix||j J 4^.^-° 

^uJaJ 4 JjL^-a ^C- Jj^Sull Jajoi ^31 (Jj\*vll (J.3^* 4ojJ^p 4 » n)a ^ij ^))Vn3 

* 

(J£jolj IjaAA (_ja£j .ft^jUall 4_^.^ cJ^l Cy* J^33 U 1 \ 3 i ^^131 (JaI^xJI cilL <_ja 

^iAj-a!ill C" )\ ;3)a ia c3^5 lS^ <iK]l Jj^jaaII ^gJc. Jjj^^JI ^ ^gjoilxJ 

^■ti^j ,)j2 jzu^ai I J) AiljJaVlj t (jjf lAj.Vi'l Llij^jAx-ai AjIUJIj S^LaoJI ^k ^IIaIaII 

^Jj ^1'Wi t4_i3lx3l dA^^p ^^a V^A-g $■! ^1 <c-^)jaill 4_i3lc- djl^)jUa]l cJ^.i (j-o 

^jl C_lC-^)j . <jl ^gic- 4_IjlJa £_IIja ^-S^)J«£a V . t__i*li3i Ada <jIHa1I ^jsixa 

* * __ _ * * 

i _j! A .l^uj t(j£lj3l Ada AjIaaj t CA a.^II j£! Ada Ia^. Aj^ii AjIHg S^)jUai3 

. ^J\X,kS-i ddL^. £- j3j Jl^. ^ ^^Ix-a^l <1 ^xjjj 
CIiIj^jIaaI] (JjIAj£ 4 ah-N. a\I 4 ^4AIaa3I ^y^x-U UAa Lijl (_)ia^)jal 

tig L»'u>i) c_i a^»jj ^lill jIjaII _^laj 4_g_^.j (j-Q 4 _LaJI ^jaIaa]! oAA Jl jJVnl .AjAjj c*'^\ 

t. 

(_^a 3I ^l^Jl ^)Ia<Lg J 1 Lg-^l’W \ (J^Li^JI (Jl^ul J 4 6 ^)Sj4-g 11 Aj^Jjd3l J>l*jl J 

x$i jUi ^%j^\ j dUi^i cj^\ <> iii^vi <ja 4jaiij ^pll ^_jJaj ^aJ tA^iiAJ 
Ic-^j ^G*Hjudj Ja jl 4 <Q'**k \‘i ^al t^^jai (J£ ^x^alj Ja ?L*-g 4_mll aAA (J-g^-g ^jJaj 

^LgjAVI liS ^ar in ^4ix-a!i]l ^jl^)ia ^A Lg cAIgUI 4J1_^JI ?4 CjISlLgSI ^j-G 

t a 

^j-G (J£ <al£ 4^3 jj-uga In 3c. Yin^ t jliic-Vlj (J-gI^xII eAA ^j^g-n i^ljj ?l^j 

t jI^gII Ajic. jj j t4_jjlx^Jl j t jlilkVl j t^jA^Tvll j t^ilx-adll 4_g_^.j ^j-g ^aAli-Gli 

. dsl ^*_a 3I L_flj^jL^a-G j 


— 7] (Noton) lg-ilc.1 F16 — 11 £^1-^ 4 j^1j*^ ^f^-l 

.35-7 eft ^11 (_5-® 1-^ tS^JjUall fmiy (_) ixjjl ^^3 4 -ujI^j^IIj I^JjIjj ^aJ .[4 

Ai^j fi^pUa ^1^ 4 -g!c..1a11 ^jt- 4jtajill ^^-3 4c» jn^ll 4 -s. j,g^g 31 ^aAli-o]! IIgI 

{Jsixa tj£U 4 j^Ij t j£l_i^Jl ^j-G AjujIi ^-g jb ^liJa tJaia 4^j ^ jb ^-^LiJal t^4jtajill 


O^A . ^Jjic-Ijja-G (J4 ajJ ^-G (j^yl^iA ^1^11 1^3^31 J ^C-liolill ^ Cljlc.1 ja (J^W^ll 

IjjJ 4 4 _j£^a31 jI^aII ^-gj .Lg-x-a^aj lg.ni 4_LjaliA]l 1, n3c. ( ^pl\ Cj^j^**n31 ^-1 
1 g,fc>i3M ^-g ^)j-al_lxJI o^A n in 4^^ ^jc- Jl^xJl iJIaIaII ^^iLjaVl .^x*i'l 
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(J A o^A ^ja c-LaijV IajI a\C- Ij L_iC-^)j j L*]ljA (Ja . \W 

(J j.1aa] 1 ^jVuj,n 1 AA Ja ^-3 ^oc-Aj £-a Igat u^i 1, n'c- ^.at, nj 

Uj6.. UjJ (J^-3 tA^Latll 4_11_^JI ^^3 <al£ (JbI ^.a ^oc-Aiill tjj ^ja 

oAA Jjl-ixAj ^^3 (JL^-o cilLlA (Ja 4j 1 c*ilj *i»j (J^nJaMl lAA £ja c*\1 A^> 

q a c.ta!ijVl 1 g '* > \ l l if\j ClAjj£ill q a tSlfi ^iS jj 4 jqft 4_uJ jaII 

Uajujj (J^s AVi Ja jl ?o^)jLla]l ^ja cAj^. ^ 11 <^.^111 cA^J <al£Jl ^3 

IasI^a £_iJa^]l q^ 5L (ji c j£oJ ?S^jUall (Ja^-a ^jaa^'i oAlcJ ^jaiAI A lj£ I jj 4_iijj (_j£aj 

’*■“•* s # S' 

(j£-oj ^aII ^ (^ J ^ a Lf^ <iK\l SaIc-V^ (jl oa^J LoLoj 

A # / ( . 

(j> aau c-l^aJ Jjl^j Ij£ Ia] Ia^. A^Ull Ajjjll «^. JJ .AjjIslajVI AjjSjII 4j 3 ^r.'^.’n ^jt 

.Jajs SAaJj 4_^. ^Ic. &AjA^a 4 q)ViA ^3 C1 j1_j jjat.Ml 



F-16 S jSlta ^ 3 aj] Ji iJaU9 Jal jxil iyil Jj :35-7 J&AS 
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JjILs JjLujjit 4 . 4.7 


jl 4 0^1^11 (JjjJI SpUa Aj-aLkj4 SpUall S^ipJI CjU. jM ^ic. ^ x nj 

; 11 

^3 laA 4 JaVill jA^j .Squill AxJLj »l W ' 1 ' CIjV^a^. (JaVi jA 1 g u^aM elpA o^p3 Ip j^£j 
(J£jp 4p<Lui^. jA (_£j£^pl ^jaJI ^^Ic. 1.1^. Alp A]^a^. Ja 1 (JjJll SpUa jl 

(_£p tl^Aj . (Jll ( PI^^- jl jjpLuiA Alai o^px-a (JIaC. 1 apUa j)A ^))'& } ^pl 

j)A (_£j£^pl ^JoJI JV'lAj 4_fi^ja) . djIplUl j)A jjA'V^ll j)J.ip IaIaJ jplpA jAp^d 
<_j-aPj A g jp Aj^jJajoi Aj^pj Ap ( Pc- jp i.^i\ i ^Ja^ll dill (JIaC-VI opUa ^my 

L—lC-p pill AIjA^JI Clljjjl IaKj .filpA AjJpJ ApJ <il£j j)A pi 1 jV 4(_p*JI 

a j> 

^3 JUJ1 jA L£ c^JaiiA Jld alpA Ajjpj AjKjA (JIaxJujI (JIa'WI J.ijl i 1 g.pAn 

. Ig Amy j)A (_£ j£^pl ^wiJl ^)jpl ^) 3-1^11 dll (Jiill apUa 


c__il3 jjp P^qft'l jA a j d (_£p (jl IV^aj t djLpdll (j-ap IajS j jVI pi^. 
apUa (Jp jA P jVI apUall ^a-ui^. (Jjaj (jp}A p j)A ^j'u^ (JjaxJI <_j-aP (J£joi 

£p] A n dll Aal£JI 36“7 (J^dll jjAJLJ .a^ip apUa (Jp j)A (_)p j^lj clnd a^p_x-a 

^xui^. jA (_£ j^pl ^joikll pa3 pllLa (_£pAll a-ldl j pjixJI (j-^P (J£joi ^Ac. 4-liall 

C—llfl ppiLa jl Pj ^pi-all paJI dll dlpUal puip aIL^. ap-ujj £A iapUall 

# f = a a 

Pp. jA (Jal AA lj 1^)^^ SjjUall ^**1 > ^3 o^iLajoJI 


Lhu. 


CjI 3 Ajj£^)A ^Lujal (J^.1 (JA J uiilj (JjUa . lgj\& CjIaI^ Jl j)A A q\"lA A ^-1 ^jl £_A C^Ij^JjaS 

Ail£ (J^VI (Jj^ 3I (3-^_>^l ^3 j-^JI — AxSjJI (Jj£joij j^^J ta^jUall 1^. j^-^l 

jlijJ fi^)jUa Jja i'c> jjjt x.si a^)jUa j^ (j^)JI fcAiila t." \\ a\^j tjA !3a j . jJjAJI jjj 

J ‘777 J ^747 - j^l pi pUa j -U jpj Beech Starship j ^Learfan 

.C-5A 


Ia Ip L5"^l ^Wj^l ^>^11 4 -AjujLi1a ^ (J^JAJ SjIc. jbjj V cl-^Aj 

*} * 

ALjallA LaLaj L ' < i\"iA'i jj t^pl plpUa ^^1 (JllijVI -lie. o^jpj-all djIpUal! ^3 aLaxIIxaa 

* 

. ^ipJ! paJI opLUl 2JU Jjiai 
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Jj^runll J^sljadl :36 — 7 JUJI 


<Ls ja^I JjLujj SjIcJ 5 - 4.7 

4_mll (_ Jj£ >*"' o^lc.1 ^jl 2.7 ^-ujaLi* (3-* 1 

■* ** 

o^-lLo cj^3^ oijjl Loj (Jj£jou] 1 o^lcj (.** iW‘i . 4 Ag a o jJ^-n ^A 

^jjLqIa ^ajjj <jl (Capability) "o^-vi-all" . l_jjuj 11 a 1 I ^ja ^jj£I 4_m]l 

JJjj ^^il£JI C_£}llikVl cj-° J 6^l*_ijVl AiJa (j-Q j Jj AjjjliSlj ^jLoVl 

.£cJ] t4_mj^)]l j (jJaJj^Hll 


<j-o AjjjL 4_nj <11-^. cV jl ? JLj, W'^Ij 4_nJI Jjau jl jjju L 

} } i 

^)j*j L-Ajjuj .<c. jjlLoSI CjI qJ-ill 4 _i^.jj \ L_fl jj-u ol^iLG 4_iiLla A ‘**\ki.si 

.oL^jVIj aUxIIaII olL<ii] opLai^Jlj AjIHaII o^J-oaIII 41jI^)^.V1 oIa 

* * * * y 

Sic- l dilala^)3l S^lc-j ^ iu*n ^jl 6^1 a 

*lOj^ ^ ^liij V Jlllljj ^ (_^1 C V W 'l ^aJ La£ 6 0 jLo ClAaJall JadjoJI 

jjjiu Alj-lx-o AjjjL 4_iij <11^. ^lAj-sajll o^lc*V "UjLaa 4_jj1_Lq .1^.jj V 

(Jlilij^n ^aJJ (jl£ ^-oll (jC- l^C- o.^£ 4_nj (J^.1 (j- 0 f'is^ cJ*^ V 1] 6lgj^j 

(j-Q j 4_mll (j-o oJLaII JJJ3m11 11a <— 1 9jjuj jiiJ — ^a Jj'^11 ^J t U*i Jj ^a jj’l^ll <j-o 
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^-Lda j)A Ai^^ll ^-^ill ^A (JALoII j)\x ill lAA j)l . (JdaSl <j!I_x3 (jx-aQj L^jIaI 

* * s - 

lAA aI ^-oll JI.\nJ JLaJ .<j£^>a1I SaLoII Cljlali^j <_i^.jj SaIcJ La <£j^)laj <jLLiJ ^_£a 1I 
(J£j L'SaLoII ^lx-aj L_fl jjo)" <j£^)a!I ^Aj <1L^. ^3 (J^kj *cl0-3^ (Jl jLkV <^-dalj <j^)l_La 
(J£dj <JjjjHI dll jAIaII ^nxA (J^.1 (Ja <£- j£i-all djlajall <_i^. jJ SaIcJ jA <1x3 ^x nj La 


jl ©A^ilall djlitajll l_jjjjj SaIc. 1 (Ji^ATill SaIc-V jjla ^£-a jLd (Jjajj 
a^Loa. djLalx-a l ql"iVi V . l^AlALdl ^)JJ3M (jjAj <jk±Lall <^_iix-all (_j-ajJa djlajiall 
l^)Jj£ jjxjj (jl j£-aj tdlli £-a . Ig 1^3 dljl£ LoC- oAA 4 _jjjjj1I SaIcH j)A <djljll <1 UVuV^1 

(j-a£j . g.1 WiV 1 ec-Lai^. d ll -alx-a 4^aAi (J£jolJj <lUaJjujl — c-Lidl (jl^VI Sc- 1 djLalx-a 

> # -* 

V .<Jiiflall <^aix-all jjjj jjxj V djlslAjll L-Jjjjj SaIcJ jjl laA <JxaJj^)ll ^JaVill 

.<jjAx-oll ^!n ^j-ax-a"i ^3 L^jLLi-a oAA ^J-aj-alill <J^)LLa (W'l-a 1 


j)£l 4<jlilal| <_^adall ^J| d il q \h <iLdal ^3 (Jj£jou1I SaI C-V >' jd jiLojj 

^3 <jjAx-oll ^^^Aj ^^3 dilk <jLoia (J'l-a’n *(jj^ll <-i^.lA j)-a $.l^a. (^j (_£Ajj dll A 

^)JxA LgJ j)j)^Ua3 ViAx-all <_mll (JjxdA ^J La !kj tdllA £aj .<£Lojuj ^)j£l (j Ax-all (Jxa. 
dll'ldl (j! ^.xin .<j£^)-all AjiiLall 4 ^jL-oll ^3 <Aa ^La^xj I <£Lox*ill ^3 (j^AA 
<£Lojuj j)-a ^joi 3 (JjxdA ^3 LaC- 1 (j^A ^1 La *." ll ^iJall ^j-a 1 ^ 1 ^ x-a IaAC vV 1-all <^aix-all 

(Jj)j>-o^k ^^3 o^JalVk-all ^jjx'u-a-all c > lldl V cdilA ^x-a .^^jL^JI La <Aala 

.La <A±La (Jjxdij L qIjIVI ^3 <^1^A 


^ AcLjjj CliLalcA L '^uAVi ,jl ^LlaaVI \.g jlc. ij-aj^j <dj (J^.1 j)-a 1 Vi^-aj 

> > > 
jj-ajg,‘i jj>-o ixl ^xij J_^l iAj^lalL tdjLalc-All ^A5 j V . (j j^ll (Jlja^.1 tl^iu^)XJ 

(J£jolj AjjjIaII A j\ill »1 KiVl ac-Lui^. <aj 3 ^3 ^jjjL-a-oll CaLalcAll lal ^-ojoA .<11 IVhjjVI <-4^* 

In^-aj jl djULdjVI ^3 <j-a tdjLalc-All <g,^l <a3l^-oll tdjlAlaaL/l A^J ^^3 ^>J^I 

6*o^)j^)dallj Loll A (_>«jl (j^lj tlallc. jjj^l'K-a ^jjAlaal ^^3 djLalc-A ^xdaA jjl 

? * 

<ViAx,a 11 j)-a (J£ ^^3 (jj^H ^^3 cJljLkl ^Ij djLalc-All Vildaj • ( (jjA-alxa-a 

4 cAIIa ( x-a . 


djLalc.AU (j^AJ 


^<-aC- Aa ^iC.^ <x3^ill <jAU.I <-iJJJ <J^)lLa dllA j 4 <j£^)a1I j 
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(Jjaj jj^AJ Jblbj tAb^x-bl CjLqIc.^ 11 j)A Ajllxa J&\ (jj^J (jl Aj£^)a11 

• A^I^aaS A_1a A_j£^)a 11 ^ (jjjll LT® _JJ3 jiill j^j <JjlLo 

(jl bile. 1 n^Aj .^I^aII Jl,\nJ Sjj^liaiJ ^»jb (jl -li^blb <illj Jxj ^jlVudl 
1 V^aj .Clnal^)C. — 1 aJjIc. ^ ^)^.l jjJaxj 4 uxa elnal^)C. _ o jIa J^Ijlajjij 

. (j.lXAJ A_j£^)A SjIa J.\nJ l xJ^-aji ^Jallulj . ^)^.l (jAXAJ Ia IjAxa (J^ilialj (jl 

f f > 

Ail j)A ^C.^)3b t A qKH jl (jj_jll jJ (jj'q Vi ^ bg } VLjIIaII oIa ja^s Aaaxj 

* i * > 

.Ja£a AjjauI! A j nil A uxa A qjhj (jjQVll <illi j iLjajl Cl^VlVViVI (__£^)V (jl (j^AJ 

c_lla j)A Ia Ic-^j c*U'1a‘i (_^l C(JjaxJI (J£ja A jq A^-iix^a ^1. Wl Axj 

Aj^jUJI il QiAall (J^b £JJjj (J^*^ (JaC- (JjaxJI (J£joi A_ibj jjj^l L <jjq-N 

Sjbj A-ijdL A_ml S-b^J^I SgA jgi-s Al^j^AJ A^j^Ia cAbLdall A •yj^wiU 

^giblbj — 1.1a. A^iajoi A_iiLla A^-iix-sa (JIaxIIujI j)W bjl c*ilA ^ ix.j *(jb_^ LS^ A_ajiia 

C-bVlVI o^Lud^. CjIaIxa ^Ac. (Jj-sxaJ (jl jl t L-Jj)\^iaH (JjxjouIIj (jl (JV (jA tA_Laj 

^3 o.la.lj tAjLa^}ll AbLiall j)A (jbc . a LgA tA^jla^j A-ALla A-a-iix-sa ^jlC- l.g.xjV 

l q^VnA Aic. ^ wiMa A_Lajoii^j (Jlxij^AJ (Jjla L_ila ^a ^-3 (_£^a.VI j ( ^lc- y $\ 

(jl .1.1a. A_illc- g.1 'i Vil S^Luo^ (^jdibl ^jj^aixll l^A (_^a ^\\"iaj .(jjjji^lall (jiLa-iSj-all 
jjA bjj L_Lkl 1 g \^\ J 4 A^Laja ^A^l (JjaxSI (_j-a^)3 (J£joi ^Jc. A jq ^ 3-all A_a_iix-all 

Ljajl ^jlaluij . g.1 W iVl SfrljA^k ^ lg,»A ^jLaIaII AxS^ill AjjL^. 1 Aj^iJ-all A^j^x^ili 
j}A ^)^.l b^a. jl ^3 !)Lxa (j^^j >>“ n*\ t A Vi.^xaII ^ (_Jjax. 11 (_j-a^ja l_ 3 ^al^Vu^ii 

o^A ^Jblbj c^jjIaIVI (jA dJj^C. (_J^l J bile. (JjaxJI (j-a^a ^Jajj .Aj£^)a A_i1j 

S e ■* 

.1^, Ai^lba A_jj11a11 

(Jj£jaj S^lc-j (J^.1 jjA AxaIaII Alludll A^IILaII (jjl^)Jall Ajt^.l^)AJ (j*Vl ^abl 
J> z 

Aij^lall jj_j^j .V 1^-AaxJj t A Vi.^x aII aJL^. ^3 (JjIaa aJ ^jjl^)Jall o^A (j^axj .A_j£^)a11 

^lisu IaI .A_j£^a 11 ( > _ 5 -ibl S^-ajLo 37“7 JS^JI (_^-3 Aiball A_i^.jj S^lc-j 
cA_j£^)a 11 AjjjjJl ^g_ull Vj biajl ^Ix-aJ ^la iAiball A.j^ jj Sjlc.j Jia cdjlaJall L_lijjj 
1 u*ij .Sg.b*i^kll j AjbAlb ^Vili (J^.1 j)A C±K^\ j)A aJ jAia V b^e. ^)3 jA j 

oj^l Jl S^-bjiaJl AjjjuI (jjjblc. (jilxub (jlxjj ^glll A_j£^)a11 SjIaII AJbabAll 
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# 5= 1 ,5= y * 

AsLjaj 3^ Aullxi 3^ ASj^ 3 ClAi±La AiljJal A^j^ 3 jm'i c 03-^ L5^- AjjajIj 

Z * 

Aj£^a 1I Aj^iL 1 T^Aj ,^jpL*-<i]l <11^. ^3 A1 x 3 (j^AJ Iaa AjIHaII Sp-Lol^Jl 

3^a11 CjIujI^aLj S^IaI! Jl.^/uJ ^Iajjj .AljJ*Ali ^^-Lj ^ Iaa JjJaSl 


C(Jjoi*J 1 Ajulill L_llall Clllj A j'q ^iJ-ali ^jLaj-all £aj • <_^3 A_1a 4-C- j Via 11 Aj£^ja1I 

.^jJIxaII ^^3 aAjlS ^-ilaliudj Iaj Aj^jILq Aj£^)a11 jI^aII ^3 a 31-*-3 jp£l (Jaxj 3 1 T^aj 

AjjjL A_nj jLxjVI <ja <C-ja^a Ia Ajjxij A_iij Jj£jaj S^lc-V ^jj£j cl^Aj 

• AIij^xa AjjjIj A_iij aJU^j AjjIIa Aj£^)a 


(jjjll (3^ 3 3?- uj*^) a_i^.jj Sjic'j 

(jjjJI ^giC' 33^ UJ*^) ^O-lll L—ljj^JJ ojlcJ 
(jjjll (^3^ 33?*) ^ 3^° Ai^Jaj 

(J3jll ^i3jj) AaC-1^ 3^a AiLjaj 
(u3j^ ls* jm) ®3a1I jjJu 
(ojJ\ ^-3 ^iSjj) 3^31 Lj^jfi 3 ^-^ ^ AjQ \h A^_iix-a 33 **Jj 3 


Aa£ ja]| ^_L JjLuu S jIc- 1 : 3 7 — 7 j£-uJt 

s= * S 

J&V1 3 }^*'^31 ?Aj£^)a]I L5^ 3**' 3 -0 Aj^aaII Cl3l l^JiiiMl ^l^jl Ia 

CjIaL^jI ^)_i*_j 3 A A^-iix-sa aJU> ^^3 i . L_fil3Vl-J SI^AaII A A^-iix-sall j& 

* 

3 ^jJ»iu*n .A_iiailjA A_iij Jj 3j J - a _>^ l^jlSlij il_^Aj clA^jjJalj aJI^j tl^jlSlSj 
. dAiilii^l ^3L L ^3 Ij_jj1?j>ai 133 ^jJaj 3 ^3Vu*n jl 4 Aj'q^H A_^_iix-3! 

^ )Ux)\ LiIaC. 6^2fc. JJ 3jXiJ AjL ^A fiAA £\*y\ 1 *1*1^ A J 

AjjI^)^] Uj 3 3j^ l$'* /u l^Aj .Clslol^ill jl (j-o 4 ^° 

* 

aJ ja^JI 3aj (j^-<^ t -” t (cur-out) 3 ^^)^ 3 Cy* 3-^° ^-a3 

38“ 7 3^x31 {jjjLi . L-JjU^.a'i 1 g \ax \ ^LiaSI A_mll V l^A 

.Aj^aaII <c. j»J Cj^L^I o^a 
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Si jLk A-Ooi 9 A 



^ X* JL tliG <JLijs a y>i.^ 


Alala-a <*Nj<.*.‘‘i :38 — 7 JLuiSI 


4j-a^ 6-4.7 


AaILxS ^)j£l Aj£^a1 1 ^_1j ^jl (_ja A3^1a S«lJ^)3 ^jAI^a ^llallujj 

<Jl^j V ^jaILo j co^A ^jAIaa 1 j lix^3 . AjV^a a! 1 ^j-o 

Aj-^aLk ljl£!Ll jj£I ^JLC-Si ^aIA-g JJ J^LaaII ^lSadj <jl In'c. . jJjJ-aMl ,ll3 

.Ajk ja\ 


4-JLJaJl ^JlLuall 5-7 


4-a Sk* 1-5-7 


AjQ iJ-ali ^jLaj-ali ^^3 AjIIaIIj Sc-La^JI ll a\»a! A-illc. (Jjj-a^]l <_j£aj 

A3^]I_a] 1 ^^3 Ig, ‘ic- 1.1^. A_ali^A o^iaa oAA jm’i £a .Aj£^ja11 

f f s f # 

JaI£ (Jij (j^AJ V tC—llc-Vi «4 j£ja ^ ^jlij-sa l.g \\c- clliij <jl l_2lc. 

. Jjjll ^3 jm,4 UJ*^ A_L-a^]l A jq 4ill A AjIHaII j ©s-Loi^Jl CjI^iaa 

(J^l ^ja U.j^ (_£^kV^ ClnjjLill cljl j^I jl CIl^Las^]! jjJa^A Jxj tcilli (J^l O -0 

.Aj£^)a]1 JI^aII (JIaJUjuJ^I 
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j S^jaajI (j^a jI x^aaJi jax j (Jxa. 4_iC.^p]l S^Sall I^A ^_aAA <_ja£j 

^lAj-alill <jj .^^jlill ^Jj Ajjuiillj 4i j]Ia <j£^)a 11 A_iiLla]l ^jlsj^all d-L^L-a j (JjLuiaj 

5 > = f 

4_Ila. <_j-aaJj .<jJa^)C. g*u J ^j)Vu*ij Iaa i .^Jt'i ^p£l 4_L-a^ il <_j-alaJl 

jI^aII djl^nJa 1 (J^.1 (JA ^saAx^allll ^9 A A^jqx^iH ClL^L-aj ^jAj>«ai ^9 

Jj <> ViVu ^l SIjaBj .17A (^jS^I ^LLII uMj c[5-7] ^£-*1! *£ jill 


■ W ) (jl ^j^a 1 .[6 7] oi j>3a\ 1 ju*£Ul jl ^ a!1 .1 ^xai^II .(jl^plall^ c-Ljaall djlp^^po 

. (jjkjLuill ^jjx^^aII ^9 oJ i^^,^a 1I 4_pli!i]l dAxa.1 jaII j d A jpVl ^9 4j9ljJaj djl^jj^iaj 


^9 Ia£. dj^L-aj LaA 4 4_^»iij-a]l d_L)L-a ^llnjoip^)]! ^jl!iljlx]l 

(jljlA .L-llLiJI .40-7 cJ^dll ^9 La£. ^C-^pll dj^L-ajj .39-7 cJ^dll 

J1 !S 

dj^L-a^ll (j^£j . ^JA .41“ 7 ^9 4_L-aj ^9 Ia£ (jldljlxJl 


^9 0 Jjl^)ll iu*n . JjL-aiill dj^L-aj Ulc. 4p£^pJl il jaIIj <L-all djli 

.li^V Ig.^Llj L_ S^juj . (J^.1 ^ja dj^^L-a j Ulc. 1 a nj ;<j£^)a11 0 jIaII 

^ja dj!)L-a ^11 (J^LolaI <da^)C- ^p£l L <l\jlVlj Sl^Loll <j£^)a]1 jI^aI] SdJ^C- djl^lAA 

A*a]1 j .(_£ jLiaaaII ^9 (_^paall ^4 _aj 9 ^alia-jl^ L <a» t.s-x\ djl^JAAll o^A (J^A*n . Aj^jV^MI ^j^IxaII 

fij9 ^)JIj>^ia 11 ^ij ^Apjoullj (Ja^IiII <jIHaj tdjl9l9^)]l £j ± j ^j-aall j .^jlda^ptll 


oIajI ^ ‘icL-dplj 






AAi^jia cj^Udj :39 — 7 JLuJI 
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J2\ <J*\ iLoj iLoj 




ijS - jJi <Ua«ijj C£Laj :40 _ 7 JSJJ1 



(jLuaaJ^I AJouiIjj 4jjUj Ai^aj : 4 1 — 7 JUJI 
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JjLajIV) (I£tuaj 2-5.7 


pbl^yi (Reissner) ji-Jjj (Goland) V jc. ^hj-s 

' ' ' e * 

aIasj ^U-adJl AifL (1) : * (jj’n.w (j/iB ^ (Ja.) (j-ft (single — lap) 4 -i£ 1 ji 11 Apl^l 

A^ja-ui (jL^ajlt Aiiila j t (o^Lai^ll A. UjAxII Al-saldJl^ A L/i ^11 Aj^^il ^3 ^aLolj V duPkJ 13^. 
Ljj^j AjJulaall A3jj] 1 a3£j .^jjijj [7~ 7] A_L-a jll Aj jA ^ jj^VI ^aL-qaI! dj^A LifrJ Ijl^. 
ajaIsUII dii j (j-aiii ciiijii^-^j jiic.i .(^ij^aLiiyi di!>L-a _$ jl^-a ^ di^u i^\ 

p! ^LaII Aj^^jaII jI^aII ^ja . A-L^3aI 1 ^jl^^all ^3 dll^j ^L^dlVl A-i±la ^3 

fi f 

A Q il-» Aj^Iaa ^ja Ajj-uLIa ^JujjI^j Jjy^a 1 AVxJl (jL-aliiyi AiLiIa Aj^jULa 

A.)\xq11 A^Iaj-21 L-UjoIJj A^ JaII &3La 11 ^3 ^-uo^jjuj £CJj|^ 3 J tUriJ cAAiS^)]! (jL-adlVI 

dll 3 ^UaII A_1jIaja ^jLdsa (J^,l ^ja A_j| 13 ^.j 33 j cA-L^IaII ( x_laflll ^1 A_idi A_lajl^)i] 

LaaS iLu^aii ^3 -VVia ^j^jj AJ ^L-aj]y 1 A a 1 I 1 ^ ^aall 31^^! (jli tA-ijldiA djl£Lu- 

<_£3 jaxJI (^^j-sa^yUl Jajl^)]l ^a-i3 ^jj£j .^A_L-£3 jil AAS^jlall Ajlgjll Jic. 3 

Ajoiij ^j£j (j]j t A lx«a jll ^ja L_ 1 ^) 1 ]Ij ljJa.il O^ld ^jlj^a'ilV 1 A3±la ^Ac. 

> * 

cL_i£l^pll Adljj dLdill a j (Berg) . ^jliiil ^ic. ^jL-aiiiyi aJL^. ^3 3 ^^.^aII 

* > 

dlil£ ^^jll A_ill_xll dbl^Vl (J^.1 d -0 Umj L_i£l^iil A_L-£3 j 3 ! _^a (JLk3jl ^jp3lj 

. [8 — 7] dlU Jail *l£ll JalSj 3ic. t dll 3 V jit d 1. W**Ujj 

A qJa’iA (Jjj-^a^Jl ^^3 ^l x^a'iiy 1 dl^L-aj ^3 ^jd^ll ^jAx^a'ill aJLuia 

>.** l Vi (jhAiiyi A q)a‘iA UaI .A_L-a^ll ^JC- aJ ja^. 11 c_l^l {ja ^_^)-a3]l t.** l Vi A-iSl^ ^l j>^a ill 

AjIHaIIj AJ^jIIa ajlc. AjJaiddill Ajj^a^Ul 3l ^-<J1 Ajldo i u^i i tp^xx^a A_aj 3 dll 3 3jdll 

— 7 cJ^dll dh^ . (j^aar.Jl l l.g L/ij ^aJJ ^aII JI^aII jl J)}^ } 

* 

^JAliAll a3A ^jax'i 43-7 J^dll ^jJajJ .d^JA ^Ix^iilV 1 A qJa’iA dAl-fJl 42 


L_l£ldJ^ A U^a^ll ^3 SjIa L_fll^)ial 3 jC- pJIaII dllc.UaVil j A_ujA1^J1 3^3j 1 

A_^. j3d-<Jl SjLall aJLoia d^ dilj ^ \x,\ .A_Jlc. dl3l^_^.j 42 - 7 (J£dll ^3 

p3^)iaA dll 3 _jJjuj ^ JJ J^-^al^ All ajjaII A3^1La]1 AJ^^aII dilj^jlAA ^3 — Aj 3 il^ill 

^x, \\\ tl3^Aj .31 jaII d)AJ ^ ni" ^JajoJl AjI^J 3ic. (^>^11 ^3 AjaIIIa V dll3l_§-^.jj 

> s= 

. d^l 1 s I V 1 A 1 1 jl*v ^ ^t-lldl ^Jjud3J 3*^ 4 Q ^ aCl A ^lon. A ^\^1 x n Ajoi^Laa Ia^j 3 1 ^ jlf^- 
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^^3 Sijjfl <jl liA £-1 £_x> 6 Clj^L-a ^11 O-lpC- £-1 ^jl ^Ac. 

!^_jlll«Q ^jj^I 4-L-a^j ^Jj La V (J3j)Xrf*‘i\ < aH CIjI^Lojuj 






7 


3-*~ 


(4 Q *i« H "J) ilil Ja» 


— t 


Jj-^ll J-tHll Jjl» 


Al^alLail C£Udji) ^ JaxU f ^ JjJIj jusJI JliU^I : 42 — 7 JSL44I 



■■ — CjjU (jt) (lgfrl«xj| l^ilikj j 4jL^2Lait cj^Udji) jji :43~ 7 JiutSI 

([9-7] Hart-Smith 
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C&LajII 3 - 5-7 

La£ (JaVi (jUaj I^A Clj^L-a^i] AjjoUJ^II Jalxijl 

^jJa^xll ^JaiLall ^3 ojLail AxUl ^2) t44 - 7 ^^3 (J^IxaII ^^C-^21 L_iaj ^9 

SjLaII ^aL-xaajl Jjlikl jl jjUaJ ^3) c^C-^21 *■ . ^ ] 

* (i3 lJ>JJ j\j i(j^a3 ^C.^21 Jjlikj (4) j t^S^Lail ^^jLja^C. Auj A qjq*\ 

.a^A djlsLi^Vi ^4 0A.} (Jjj-xa^. <_j£ajj 



Hart-Smith 


Cj jIa 4jc-) j^l 4_Laj dlilil) £l :44~7 

([10-7] 


4 Vv^X A ^(jjSLoll^ JLaXJjujI ^^9 (JaViII <jlilA (J^.j^ 3 (_£-^2kj (_Ja£j 

^3 \\ tilliA .40“ 7 (J£joi 1I ^^3 4_lliJ ^1 . W'u2j <L-a j\\ ^9 Ia£ 

J£d5l ^9 ^jLcili dll j ^^9 1 _a£ lA j‘4j>J-a\l A ^ ft will £ja ^Wqa <£Iajuj 

.40-7 

* £ 

A\i.s-ij\ 1 Cy* lg \]>Ij jl ^slx^lll -Laill ^4 jj\ C > iK'l (j£-aJ 

* } z 

^jj£1 Lq^aC. <j£^)a]I ^I^aII . ^C.1^21 {ja iajJ'VN S.1C. ^Ac. aSja^.\\ 

* s 

(J^-ui dlV j)A^\l ajlc-j ^aJJ V t Aj.'nUMl (J^IxaII ^ja ^AdldiA^ <3L-xa3 
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^jljl 6 dl3 i^l! J . l_15j (Jja t AaLiIa (J^^. 

(J^Jl (jA^J . ^C-l^ll S_Jjiij cJ A .1* ks-x {\\Ak<~i\ (JjLuia ^Jj AxJ-i'q 1 a\ 1 C_fll_ilV^ i^a 4^jl_i]l 

£-Lj JaJ^)joi j-Qt^a S“ ^l^_j — C5 JUJ ^^y] cJ^- 0 ^ JU*n <C- jUaA Aj£^)a SjIa £jJa j ^3 (_j^aa]I 

* * 

^sjujLj 4_J^)1<La]I oAA ^^C-Jj .^C.1^)J1 L_fl^ix-a £A L JpA (J£jd ^)Ja3 dll^)A S^C- 

* 

.4.6 s jSill ^ l^Sjlij Jo j c (softening-strip) ^>*11 f 


JjtualhHj jJb 4.5.7 

^ja f.\^\ ^ja (,JjJa3l Ia^aC- i'Vl j d^Lx-a^ll £.ljl 

<C.^i]l Jl jlkl fj^ jb^lVI ^jc. ^Vl) dL/L-a jll J JjL^ilVlj diL-a^II 

> f # « 

^C,^11j dliilill *1 a - -j^»q\ 1 ^jjjld l_l^.^)ld 4 \,^ij\\ 4~W nr.^1 

d> jSIaSI a\ . ( (_J-a3 JaAJ (JjL-a-llV I 4_L^a j ^3 ^jUl as 2&IL.J 

JjliaJ jl llmA (_£ ^Ja^A Ixli (jlidJ IaJ jA (JjL-alilV I j 4_L-a j JjlLkV 

. Ia^jK ^jJC- jj\\ 0aJ jl 4 <j£^)a11 ojIaII ^3 dlijlsjll j (_>^3 

S > ft f 

C' n*s.j a jlc- ^axaJj 6 aJja*\\ 1 l.ll^. txjJjj l3 Ix^aMVl j dl^L-aj ^Jaj 

Jjuj£ ^XJ AjJIa^VI AJj^I ^C-1^}J1 Jdtj ccilli ^XJ . diV JA**kl 1 ^JA-N 

" ■* " £ 

Jji^ajUl j3jj .((jjj-aiUI Jjjj (jl J) «Uj.a~.'l ^lljJ j/ ^C.l_)jll (jV) (jjj-ajUl 

- I - ULjil 1 1 ^3 l^)JQ3t ^ LioUlUbj (jlikyi laA ^a I^JJjju 



Vought Systems .>i <jc.) Sj2at4l jluiiWIj ^ jJ iLaj :45-7 JluJI 

(Division, LTV Aerospace Corporation 
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^3 (JaxLu ii S-I^xa]! ^ J (_^C>^]1 Alx-aj ^.Ic. V^-a 45“ 7 (J^^H {j±H. 

(ja ClA<n)^l ^IujLujI 4_nj liA ^xA'iV'i . ^JnU (Jjli S^jLLi 

4 ij^)iaA 4 _xLa£j (Jj-uC- i3j^ AxjJajJA _ 3 ^] — (jj^)^Jj ^JLjj~ l** IJ^l ^)C- 

J£jaj JjaxII ^j-ajij ^gjo^jjjj — cinal^c. JI.\nJ ^jj .^nAlVl (j-o (forging) 

^aJJ .Ixj .(45“7 J^ll (_J-iAJ^ ^*1 Wll ^JA la^LLajl 4_L-a ^11 ^ja L_3^)jkj La-I^C- 

C t Ijt/iTi ^aJJ 4 1 JJ^.1 .4_L-a jll (Ja Vl <jIaa cl^' (j- 0 ^ O -0 ^3^" L?^"^) 

^aliuj C 5 ^ W 3Lj ^ a JJ ^ J) <Q > <Q (j -0 SjLftll 

^ajjjlllilll .X/LiaII AiC. oj^l^i A g ju'Ii ^jj'iaIVI ^ja 4JJ^)IaA Axia3 JjjS 

<xiaaj ^joi^^Jjj - Clu 3 l^)x]l J^^'ilj l a nj s-LaC- 4 -lajail^J ^-uj^jJjI — Clual^)xllj 

y 

aJojuj! 4_lx-a^l (JaI^ *>' II) l 1 Ia^xj ^aJJ . 4iL-aV 4-jj)^* a 4-3^)J^a 11 ^a jij'iaIVI 


^ua!jLa 5-5.7 


ClL^b-a^ilj ^C-^)Jlj di^L-a^lIj j^l ■ ^.'iNI i dl^Lk-a^ll ^_11 -bsBiLs ^jL^jlj 1 'i ■ >. jr- 

^3 c-Ib^I ^jC-j ‘ ^jC- ^ ‘ ^ j dlLa jLla ^Ac- ijj 1 II ^j£aj - j^- • ^oll ~ 

(F. L. i_y ijijLa o jja. (_^ jill uflb&b SI jIaJI 4Aj2u£bJI "j| jaII J^aj s_jIj£ 
(jc. jA^L^aa l§ja Lu tjjalj-all ^ bbc. 1$jj£ Jj^^a ^^Ic. [1 1 7] Mathews) 

.(L. J. Flart-Smith) CijU U^ii£ ^u^ill 


.«■ » 


j| Jlia.1 jjjbus j cjUUala 6 • 7 


4_aJjL» 1-6-7 


Lgj£]j £ 4 lx X ^3 <A^A ^4_1 -OA^-adll qSV 4_Ix«Ll<l ^)JjljtA AaIbIj 4 T- 1 W ^jj 

^)-liS-: L-la-. ^3l j Bsc-1 ^AAfc -gall ^jjjIxa ^ ^ ^jj .aia- ^all ^3 AaujLwjI 

> > 

(JjlVlll l^J jljjj 4 <jibia A^iix-sal ^alc. (jjli-kl j\ ^alc- 

^)LiXA ^ibiaj ''^lAj^alill ^jjjIxa" ^iiaj^aA ^ \x.) V I^Aj .<j£^)a]1 ^I^aII ill 
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(JV g, Vj j±>\ (^1 jl (jl-G3^ (JjliV jl^*-* jl cJ-iA — (^I jujj (JjliV 

^Lolajj (j-G ^)j‘iV clol Vu>i3 ^o-Gj-salll jjliV ^jjjIx-g VgIsIj <ol_ix-a (jl .S«lVj 

^glixj IILg ?L^joiaj Viiill (JjliV 4^3)5 (J^a. JjM' 1 \ilo ^ » nj <jV 6<3li^)ll (JjliV J&l-*-* 


(jj'q V ^^.llalujJ V <_mll (jl VaLuiJJ (jliVVl (_^Cxj ? C.wVl ^j.g xVill <dll (jLlmj (jliVVl 

jl AjjjIj <-iii li^alawi lljl j& A q )’q^ jjliVVl 4 j*ixj Lg (J£ ilij . ^LGj-adll C* il illVi^o (j> axj 
^jJal ^11 (j-G . (JjxjouII 1 CA (Jx3 c^-^ 1 ^ <-il^ o CA (jl j t (jdx-G (J-gxj l-o 1 ^>j-ajo 

(Jj liVVl (jl tllll ^,'ixj .l^Jajkuj (jO jl <_mll ^)W (jO LlA f(_5-^ (^1 ^)^lj V l-ijl 

. ^)JUi£ll 2^)^-G (j-G jjfi 1 Cxjl (jlx-G 


(ij4^a*iti ljUILIa 2-6.7 

^ > » 

■Isii A_m]l (_j-«j t _ ill-.'' UaC. Cjl£lc.j Ac. ^ A l-il , „ n ~y * • .-‘'it t J il <1 Wi* 

* * 

<jl VuaiI C* il, iUV-gII oIa (jo ^jjix'ill (j^-GJ ^CjjouVI U jbl jA Lg .<1x 3 ^a-oj-alill 

. ^Ualll $lcl Wcj (Jj.ij jl VjjIj 

(j-a L^^l ^V1 ^(^jldll (jl .^lAx-aJ C* il ilJ-ai-o SCO (j-ajJaJj VLi-o ^) nx’il 

l^A (jj .lluj jjj (j^3 J-a‘4 x ai j V C* n*s.j c. Will (J^^. ^lo ^jCiL (jl _jA l Will (jj3 AjJa^c- 

^)1. W.1 L <a<4 AA)\1 <jJa^)lo (jlj l xCV L_10^)j V .VIHaIL (jixjj <JjJa3 ^A ^ llWl 

c. Will A. jJa^jlo g.1 K)jj A qlx'i^ll (J^Louill (^^.1 (jlx'n <jjJa3 i—fll^^jVlj 

— L V^xill [^y ili. ^-jj-£3Jj ^J-aVl ^A — IxjolJ l^Jo*^ <J J$k (jo 1^0 4 ^)1 ■ W_1 

^.l^jjoi (J^.1 (j-a ^3Jj Clu£ llj .46“ 7 (J£jo 11 (^3 La£ 4 (_^*if^* (j-G lo j)U^i^ ^l^Vl (j^ (J^ 1 

tilliA .LlA ag-La-s 4. % lUoV jj 4<_i3 Q*)y) 4-iC. jj (jl ^j^lUlUs 4 ^.Uj 

1 (j^J 1 J^X-iolJ (jl f-1 \^1 (jdllalall (Jiilill V lijV */\f. 1 1 n-v l j \ li‘ *^ a \_iJajl 

(jiiljl (jjjjja3 LlA <^.1 ji 4l^A j .^)olll j C_fl^kll ^11 ^AjOAj ^- 3 j 3 

^3 (j-a^-J (_^^)^1 <jjJa3 c^lLlA .©s-Lul^JI^ <jl_Lall 1 Vu^i3 LaA^ VI 4 LgLqj (jjli^-iJal^ 
Cl ja^. (Jj-g 4<_mll oLl^. o^)l3 (Jl^V <^1^ ^ l Will <jJa^)lo Jg V i 
.(^^Vl c^l jl Clll jjg, Vll (CL^)Vi jl 6 A-ilo- ^1^11 J^ll jl 4<jjliVll ^lill 

. * = Jl !« Jl 

\j\jJa3 Cllj\l IjJ^. 4 1 c£a j . al j VI (jlx,*i*i <JjJa3 i-_flj^)lall oCA (J£jC1 

gj .olriJI a jj3j 4 6c.LoiV1j 4<j11g1I (_jAj VI 4L_flkuj <jJa^)lo ^j>a x Vi ^3 A ql'‘i<>a 
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3 -0 ^Jaj 4_g_^.j J^)^-a 3*° ISliiJ ^jju] <jJa^)l_*Jl 

a s 

bLjaa aA& 4 nil 3^ alc-A-o ^xj ^Ij C^J j$\ AjjJaall (J£jaij a3b 

# ■* c / 

^ic. hjj^aja! cJL^. a In "31 a^Lui^Jl IglaAlj 3 g*WllxA ^k±n 3^-0 < *- J ^ (_£^kl 

.IjLjaall aAA 3*° QjjjjJaa 3^jJ 



( L»jlz*) jS 




(j^t) wUiJl 


‘ °*-n <Uajlc. » j a , ^- i i-,i^U-ia : 46 — 7 JSuiit 


to^jJc- 4 qh-^ ^ (J^.1 C}* (J^'* ^yti 4 , . q\ l.l£J 

^all J L 1 n . 1 ^ ^>M 1 l** ^1 \\ ^ 






^j£jj L%\ ^\\ iac-L-u^Jlj Ic-jJjoi ^OAj-a31 l*‘ \\ \\]ri\A 3^ cJ^ ^. 1 

> __ # 

(J£lj (jC- *■ . ^>J C(JU1 a 11 cJ^f'- 0 (^5^” IjLjaS l x>ijl tilliA 


A_isL^ Auislj 3 ,Q jA jal (J^^5 t LqLoj j)\ l_3juj1_1a 1I 33*"^ ^3^ t -— lil \,a\°i j)\ iajLall 

.A^mll l^-pjj 3 * L_ic.^)j <alik31 ^L^-aII £-1 ^jl (j-o ^J^xll tilLiA . 1^)^. ^Iaj tV ^ 

Jjajj . (_£ jjjJI ^iAj«aj3l ajj^ijai 3^^ C5^ S^J^C. CjI jjjuaaj j (jlx-o 3^^-^ 

. jg AjAx^Vl )\ ^IJVlA j ^3i^l 3^ 3^ Cr -3^ 3^V' 3^ iS^ ^.XAl n^)li ^JX-a]! 

iaJIjSI a jqjhjll 33 jLI! cJ^aj i" A iUVia'I a 3b 3 ^ ,j.i»3'l 

djj^. 3 j^j 3 ^ V Jlxij^U jl jI^_^3U ^j 3 a jLaII 


• ^JUl^ 
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LaJJ jl 4(jjA-a JxiL A-lilll LoJI (2) 

.^r x \ \\ jl jl 1 j^J jl jjJ ^ -a S Jj. W-a CllVLtijl 

.A nx-a SLi^. S jjS i^lfc-a* jl 4 -luIS j£-aj S_jj3 (3) 

c*l]j £-a JaSL^jj AiUall j-a aiw^a ^)jjliLa (j-a!i-a j (jl Loj^j 4_iii]l ’^LLa!! (4j 

• V3^ J <j3c. 

jl^La j-a (JSI jj^J u' LS^ ^SA^I jjj LS^ S-^J^ *UJJ® (5) 

* * Jl 

. (j..^^" ^bli l-aj-ax-a^ (Jj^juUII jjfL 

ji * * 

SjlcJ Clu^jj VI J t AW -a jlALa jc. (J^j (jl A_^lJI <il£ ^Ic- ^x nj :<al£]l (6) 
.(^^kVI Jalaill ^j-a^ (J^tnj Laj3 Ai^. (J5 j>jjj ^J-axj (_£a!I jA^ull ^j*a x-al 
. (J^iLa ^)JC. (Jj£jjH]I (jli cA-rnll s-Laj jl£-aVL jfL lij I^x ju^Ti'l (7) 

j # 

(_£^k! ^j-a x-o"l ^)jjLx-a (_^l jl oAA ^O-aj-aLill ^jjj|_x-a jjw'l Li^-a-a jfL Ijj 
. CjMJVU'I jjW 4_mll ^J-ax-ai ojlc-j l_ 1 ^jj ililikj ^aa-aj-ai]l ^jJUxj LfcAixi taiw^ 

J*l j-a ^jlilkVI djUaLaijj ^Jj\-\M\j AjjjLa 4_j)!^)£j ^a-aj-alill j^fL tlA^Aj 

0-alj^)J L^ial^)J jl ^lAj-a!lll CljUaLlj CS^” 13'* /U 4_n^ L3^^j j’ ('X^‘ ) 

llA\\\ . L_sIaaVI oAA jj'w'i jj^la ^9 ^»Aili]l (_£A-a (j-a j C_fllAAVI J* (j-a jwMl ^JjVi 

c^jJalj ^Lli ^o-aj-al^l ^)JjLx-a (j-a jl L_sIaaVI (j-a (j£ j^£j j^ L 3 ‘* A. 1 

^ (JLaxlimj^U <Llii ^jjc. j <-a^_A-a jj£loj l^jli V]j (^Ljiii] ^LAiij 




4j uLjUj 3.6.7 


C_flJ^)lx!ill (j>ix 1 4<Jjl_iJaa]! Clilj£^)-all ^ Ljajljc djl^)jUa]l (Jl-^-a ^9 tilljA 

^jx-o'^C. ^gJC- <x3 jLa <l^-a^. ^)^l Aj^aJI ^aO-aj-ali]! . ^j-aj-alill <lj-a^kl <xjLoi]! 

s * 

(j^-aj La (J£ Aj^aJI aa-aj-alill <l^-a^. (J-ajJli tl^Aj .Aj^IxJI Ali-a^. Sjpa (J^Lk (^jjIj 

* 

A L-oLc. A L-olc. C5^ ^y^-J A^jjc- Cljl^jjLl-a (j-a Ajli^La 

!S Jl 

Leila jl^jjJa]! CaAj^j 5G1HC. CliV^-a^. . (JLLall (Jiijuj ^gic- l3-3^ 

<l^-a^. (j-a ^>^1 (_^jj-aa]l ^j-aj-salill <l^-a^. Lai .Aj^aJI ^a-aj-^alill <l^-a^. (j-a \ (Jal 
(jl^ I. (jla^yi I^A -^-aiixJ . A^.1 ^11 j)-a ^>^1 (J-aLu Aj^JI ^a-aj-ali]l 
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CljljliiVi 4 ^aJjAIa ic. ^1 aJjAIa is^) J ^ 

(jl ^jJal^ll ^j-«a .^-lAx-allll ^ya 3<LVi]l (J^l V ^ ^1x3 lAjl^sJ ^aJ A3 Ajj^^nll 
(JaxLaJj iAjj^l^ A_aj^)laj 3iVj C£.J^ (J^.1 O -0 i!L 9"^ U (> . 1>J (34-*-^ lAA 

Ia^J J^AJ i(_£^)Vl A_I^.lj Cy* . (JIaxJjjjV 1 (Ji3 3 n^l ^aJJ ^aij tAJ^^I-A A_iij (J^-l (I)- 0 

A_lij ^AVujjJj cAja^. cJ^jaJ 3^J (_£ (J^.1 3 -0 V^^'Via 3^^ U (Jr4-*-^ 

£ Jl " 

3-0 A.C- ^1 (J^ x * 1> 1 V t Aj<Mlj . 3 ^*AajV 1 (Ji3 A_iic. 3 n^l ^aJ j cAJ^aIa ^)JC. 

Aa_i3 3 ^ t ^ l_j^)jAa]1 (JaIc- 3^ !V _9j^ag ^ <Q }Aj>rf“V*i c 3° 3-^^ 


cJa^Jl ^.jjoil 


AJ^a^. jjj^jj JjLVjj A3 Aj'xq'l J^-^VI ^ 


I^A^. 


3' A^jjaII O -0 »"l£ aJja^H" IgJ ^Ac. AAjI^_ 1]1 ^iAx-sajll ^J^a^. iJ^~ iX } 

^Jj-saixll ^iVj ^ill aA^a^AI 3^.1 3*° AaS3 C > lx a)\ ia "^jj-aall aAja*sA 1" ^Haj-saA ^1 AVujJ 
■* # 

3^JJ ^3 47“7 t5 ^11 ^a^)*J .^jj-sasll AAja*\\ 1 ^jJaVj IaA^C- ^1 cl_AAjc. ^Lx3 


VI J^aaII 3° AjI Ja^V . (jJjlA ^lAx-alill ‘-j!^)^-jVl “ aAj)a^w11 Wia 

D j^ylc. .AjA^JI ^aAj-alill aJ^a^. 3 d (J^ U-J^ U^ C5^ A3l3^)l] 3^^V1 aJ^a^J ^ajujJ 
^)Vl ^a l_uui Iaaj cJ_£jjA aAa^AI ^jAx^'l aJja^. 3^f^j ^lj 3 ^ u^ tcillA ^gAc. 

. Aj jjA aJ^a^. Ajjj JjVl A3l3^^ L3^^*j > -. 1 '^>'' 1 ' 1 



A^j^Jl ^ja>^!1]1 ljVj-a^ : 47 — 7 j£-uill 
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Uii4.6.7 


4 iA^aLc. i ** ^ n \ L> i n ^JLaxllujL * ^ i ^ \ i l " ^ \ \ Lo a \c~. 4 \ : *i LlLiSlj 

* * 

i“ )\ iU*i i,a ^j-ajJaJJ . o Ai^. ^11 AjjJaall Cunjl Ajtlall ^^A Igj'c ^ 

. ^)juj£J 1 ^ nVi (J^.1 o -0 ^ ^ a_asI£ Ajti-a ^cjlIaII 

LLjaS ^cJlstj ^£1 Jajjuiiill ^^3 Aja^^a!! c*ilj ^)lai]l A_g_^.j (j- 0 -IxjI l_jIa 111 \.n\c- ^x. nj 

■* _ *" 

.£cJj t<Lpjiu]l J C(j£tlll J toLl^Jl Sjj3 J tD^LoiaJU J^'x.Tl 


(j-a .AJ l_La£ 1 xal j3 AxJj C^lAx-alill ^a-aj-alill ^)Jjlx-a (JL^-a ^aAx-aJ 

Aib^lall ^j| .^lAx-alill i** \\ ;'3-»'^ ^jC- <j^lc.j ^A ^o-aj-alill ^jjjlx-a (jl cAjj^IaII aIa^.La1I 

(j-a ^ LS^" ^ ^jUx^all J oJ^fo.all dllsls^ll l$j ^IaII 

(j^L-a^ll ^3 La£ — 4_iiLla]l j clAsts^)]! Jjlikj (J^> xl)) ^jjjlx_-a 

^4 ^ji tj^ij cajIHaIIj aUxHaIi ju^yi ^jjjix-a <j-a La^lj — 

m } * ^ 

.oc-Lai^JL AlixlLall ^)jjlx-a ^3 S^^iLa J-al jC. 1 x^ijl ^A oAA 


(JJaaVt 44 jUV1 7.7 


<L«.iLa 1.7.7 


(Jjx^IliIIj cjj^ ‘‘"' _’’ 1 ^a3' ^JgjiLaJj ^3 ^ ^ . ^ol] ^lmLlmS/ 1 i~_fl3^_il 

^))Vn i (JUiaII (Jj Ujj ^.Ic. . ^ \At.*~i \W ^)3 jj (JjJaSV^ ^J)$ ^ ^ i . L_J^Ha-all 

c"(JjJaaV^ AjI lO-3^ LaIIc. dll^jUall ^^3 

4^L-fl2SVI A^Uillj iij^aW Jc. L **<\\ jjjU A^l^yi CiU<^\ J\ \ 


^lAx-alill AjIj (JsV^ A qKMi ^lAj-£ali]l (^3^* O -0 

* * 

£ja ^ja \i V t ^\\A>.s-i) AJLaba I ^jC- AjUV! V • 

* * % f 

cAjIHaI] A ^xj .Cj^La£jIu 11 "JjJaSl" Aj^jj L_flj^xj J^.1 (j a ^jl^)ia]l 


"(JjJaSl" ^^3 <,6.1 l ^ Clbai3^j La^ olj*s.ll ojjSj C6c.Loi^J1j 

* > * 

c ji^j ^1 A-uialjjll A^lj^V! La lo y ^ (Optimization) <EiaV I 

C-Ajjuj oAA ^3 .A_iiialA j io^ylViA A^j^jIaJ "(JjJa3Vt' j>‘jj*lll ILa l_^Hlax*jl^J 

^xj ^Liij t, .48 1 La^ cA-SLa^U (_£ jij'i^ll ^aALLali ^)Jax_J 
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VjuJJJ ^)]1 AjJdjJl <j! VuriVI (jA S.lV J (JIaJ 4 Aj 13 a]I VjaIj (Jjl V tlU 3 

. ^^)AxJl) fiUVil fijSij 6 jl jjAVl J ^lx_ljV! J J cSs-LaV! jj}\ cAjoUlVI 

Jl . 

AjlsjlxJl d±jl£ 131 (_£^V Aj^iL VI Vu J ^jAl^ia (JV Cy* V3aV! j (Jj\ vll V^>V (j^Aj 

ajaILo iiI 13 Ixj V a^joi .S^Sjoa AjjjjJ! CljljV'Vl j jAljlall clA (j ai VV'iIVaII 

^)ii*j l_ ^ L^qI.^iVuJ SjjillxiUl yVjVl a -s^VVl 

.AALJV! A. ^J^VI ^jax*V ^3 AajaL^. (j jfiii filjlC- ljl_iJa3 


VAaV 1 CjLujjLjjI • 

V 3 aV! j cJJvill • 

fi^JXAAjU! <JiLiVI 4 -s. VVi ^jAIAa • 

VjJVl ^jLa.x^ajl ^Ja^Vi • 

AJiaSfl ^oAtLa j^ fl lig- : 48 — 7 JLA2! 


4 J 1 aV 1 LjllujLuji 2 . 7.7 


^JJjlxV! filA IaJXJ .VllA^/l (jA (_^! (_^3 VaxILoiaI! ^jjjLxV! £J^JJ (j^AJ 

(jjjj UJ^ u' Ifr.)' 0, ^3'* jj 4_m] ^tlV (Ja . illinj VaaI jj£V! ^^.^jaI! A3aLa ^Ic. 

S jjAAll a "u*W1 iS jy t*^Vl jjjll (j^^fL lAAixi t(JjV! iVsia ili!3 (jl£ !3j 

AjaLa^. 4_nj ^jaxVi (jjfL (jl (J^aa]! j)A . Igj'c VjaVI (_£^)Vi c_ ^31! AjjjjJI 4_ml] 

* * } e 

Ljajl 4 qWl 1x3 . j ^Ljaall (JL^-a Ic. ^iuj Ajj)j*i \W aJiIaVI (JjIaua ^3^1 jjjU 

S^jjJ <il£ ^1 A3jl.iL! aA 1£ CLl£l iVlcV! (JjLaa (jJaxj (JV jA LlaIIa l^)l_i*A 

5 ! Jl , SS J 

.ViV! AJlc. o^jUa ^A*.Vi ciu£ 131 t^j£V! Ac.^a] 1 jl (J^LaVl (_^aaSI 1_jV_jj^.I iAl .Si j VI 

* * Jl 1 » !« 

1 atjA'N (JaI^VI o3a l]^ 3 ^! (^>aVI) SUV' A3jI£a| (JiIaIL jl 

VjaIj l_JC.jj ^3 . L Qg 11 CliVl^ jl (jl ^Vu*»VI ^-j!j3 ^jujIj S3 Ic- 4_VL-a VjaI ^jjjIxa 

(jA jl£ (jl j^j3j (jl £-i)aLiujj V . AxjVi Aj 3 ^11 ^3 A^.1 j ^jlqVujI AJb (jA ^)3£1 

^ .(31LUI l ^xa1L (Iaj^Ia V13 (jl£ 13! tLj^xx^l j!^ 1 jaJ^ic. 1 (j^^j (jl ^~VWj (jlqVn J 

AaJ3 ^\ nl l,Ag, *1A (J £ A3 jI£aV (J^I^a]! ^ ‘lx aIIj (jlqVuJ ^j3-ix‘l (J^AaI! (jA tcd!3 
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aJjujV! 1 .2. 7. 7 


(Jx3 (J^l (j-G . (j\aC- (jlixjj (j-GjJa aJAaVI aJLaa C_flj ^jsu (JjL^j l^llxj 

a^uLo L_flj^)lxj (j - g AaIIjIa (_y=L ^- aj ^C- cjj^)xj pW“^j cj-° V t^ill 

.bis Jtf 


u*n . (_£ jdL ^jaj>-oA J_^l dj\ ^ jxIaII j)A Aj^xII Aj^.j (jl 1, n'c tV jl 

d}lg_^.jjj ^AI^aII j t *»" ll VTiaII (Jljlal j 6 jIxjVI (JAa cA-ijdiJI dll jjxaaHj 4_^jAJ ^xi^j (jl 

* 2 * 

i j ^ ax]I Jjla LgLoj 4^jjIj d_i\ ^xi-Gil a 1 a ^ja-^A jjfLj . 1^^. ^Aa j 4 CjliliT^I! 

* 

ciA^jxIa <^jV ^Aj j-o^j jj-u • 2 ^-g*JI ^-Lxijl AA^-<^> (JaLxa j tAAlA-ixll ^»jc. j 

c_flj^)ju 4_^ljUI a 1 a c_ a]j3 .<j£^)a N J ^AaAj (_£lll X i A, Vi^g'Ij A_LgI£]I ^o-Gj-aAll 

.(^jjjJ! 




^HLgjj ^,i\n ?4_nJI alA (J-gju l a fCj cil ^L uj jA La II * 111 ^xj (Jlxuj 

> * * >1* 

CIjI jj^aj aIj! V u^l dll j^-gaII alA j tAjjl jjAl CjI22_jj j t^lx^jl tdjljlg_sA 

CjI^jjxIaI — Cjj 1 ^.a^A j AAIaj 11a (JjAaA j^Aj .(_£ j^^l cAjVI (jo 

A_aj^)Aaj 1 g, n^'i y^lx-G 4 jjAjdll jl 44jjA^ll alA (jj .Cjj(Xj) (_$l 4 ^ja ks-i\W 

jj£j . JjAO (J^.1 (j<G ^"LxijVl AAjA^l ^)ljl *L]^LxA (JA-<> ^A^-io) j^£j (jl LgA (j^-GJj cLg 

* 

^Ao ^LxijVI ^J^-g^J ^)]jl aAjIxa (_g j'iVi .Cij A_aj 3 ^AL^AI alA ^^9 ^lxijj\A ^)ljl ^J^-g^. 


. ^aOAj-aJ CIjI^jjxIa^ 4<JUaxll ^ajo j 4£J jJ (J-g1_*-gj C(J ^2all 


c^JHaII cJ;if*-u cs - ^ •^l^ JiA ^l (_5^ £ - r jjsi*'} Tn tcdll ^xj 

^j^jj LljV C^lj^Q'S.ll (j-G (j;i*-Q ^l-^ 0 (j-° U-J^ U ^- Aj - ia - < ^l ^HaII <jIHg (j-G (« > ^Uo'l 

J IS > ' fi 

a 1 a AuAjuij (J£joiJ ^3 .(j-ol <1 ^g^J 1 (j-G jI^IgII cilll (Ja^j (jl ^-i-Gx-alill Ai3 ^t'uaW 

iUo"ia J^)^-g <jl ^Ac. Ailll ^)A-iVA .AjJjC-I UgC. <ailk-G Ailj Al^xx-saVl AjIiIgII 




a!ill (." ll AJVia (j> la j j)l (_£ ^)l] c 6 . 7 6 ^)1^1 (_^3 (j li^.V 1 ^)JjIx-g ^Jj (^^^)^ • ^ aja 


j-aJ j dill <J < X jl 4<JjJalaj da <1jI_xa <lVd Ig.lc jooxl^l j£-GJj dJj^ja 

^max ** * ~~" * 

jA ^)iu-£al jjfL jl ^ x nj L <n\ll filajl ^.3 <J jaahaII ^aJoC-VI jl ^^^Ac. 

jq^ll j A Jj£l jj^J jl >" u * j V^ ^glc. If,'* /\) 4 (JIoa1I (JoOjuJ ^^ic. .aLdVI I^A ^ 
Ig-lA <J-£3jkiA <ljA^JI (JaVi ^Ac. ^ H o j.VIaII jl i^Ili ^ Ixj . jOX-G <al V*U J JaAJ 

■* s ^ f f > 

jjd jl Laj.} j^Aj . jdall jA jj£I jjfL (jl c > v^kj <1 ja*\ II (JaVA o^jjoi1a]I o j.^aII 


I.AA .<Aal_uiOJ CLljlij jla 4-1 ^-*jIjJ 4 1 g n lU. .1^.1 ^Ac. ^)ki.s-i\\ C' n*\ A ~s.d joa ^Aj <1^1 xa1I 

> s > 

jA d V 4 j^l JU*£ jl • jA-al ci; 0 ^' (_£ja>-} C5ill ^iAx-aj]l <1 ja*\ c > AAVia jA dilill 
£d <axoaLall did jail £Oa^ (jl ^tlll l.nlc j 4 ^-gj-£Xa 1 I ^loIaI! (j;!*-® ^ dj jdj d ja p j^. j 
<Aal_uioj ^ n^'i tl^Aj . (j_ij^ll ^daj ndn i” joxAll djpll IIa (c' i Vi jlj jja 


jj£I jj£a (jl ^x nj A yj\\W (jl Jj£ j i^JI dja Ig-iA £■ jlaj ^aJ 4djoll jadal <1 jIxa 
4 jq Vl d djall c > AA-iAa jjfL td^ll I^A <aaall (j*iVi La-IIc. 41-I^Aj . jdall jA ^Jal jl) 

. jaj jll £-dij ^ -A^ja (jl <dll jl jl 


jl 4^a-Gj-aall dljaxAAl aS\^ jj£a M l-a jladLail <jj (J jllij jl ^ x jj 4lj ; ikl j 

jli 4oja*_x-aa ^.-gj-gII (jjaaJI jjjll jA I1 a L_fl^JI jl jl qVuaVI ^lj Clijl£ lil .M(Xj) 

<1x5 l nlc. ^xTn Lg . L^-GO>Gj-£aJ CjIjox1<i1 Lg <1 j <aaJI jjj jc- J^l jlll <1^1 x-g1I 

> 

L^ajjJaj A jnll ic. jILgII ^aLaii^l ci^l j-° ^IxjVI ^J^G^k (JLgxOjoiI jA 

jc. Cli^oll (jlj jj^H JJ* iiUi ^xj ^aj^j .jjjll ( < _ 5 -lc > (Jjj-£x^A1 ^Oj-uLIaII ClAilo^lla 

>11g jj^ jl^ 4 j_3^ (jl'^’u J <11 J jc. Cli^oll IV^aj jl .^<jjx_k-aVI Aaa j 

.Ojjjall (J^-g 


.L_flJjlxallj AjUol\ j-G <c. J^> A <JjJal-All <lolall Cialjiill ^5 till LlA^a ^il 

<1 Ia^I < 1 Luia jj <Jal_uiOJ (Jj^j jl l-*-o L_fljjlxal! j CiaV^lx-^H (Ja-^a ^xjJaj ^ *i».j 

Pjail 4^aOAj-aa joxoa N < 11^1 <Jjxj-aV! <Aaall pL^al <JLaa ^A ^Jjaiall 

* 

<_^.ljll 1 -aJJ Ciajxjol 4 <Hjola 11 <aijjxj <1 ao^ <1 jIgII o^a CjIaj jl .CiaL^^ljOA 

- tt y 

j-G <1 a^ 1 I C^K^'i LgAIC. 4tiil^ ^X-A .<ijX-All J;iC. djL^Haj-£XAl! j-G ^J^xll (JLaXOjujI L_lXudJ 

£a!a!iulj . A jAjAk^-l'llI <HgVI <HjoLa 1 JauIoa ^ JJOl J JOjoiSJ J^l^J 4<ljLudll L_flJjlxall (J^L^. 


Ij^Lgj j^.1 (J£j^i <aial! jjj jc. jajxall 


^aOAj-aall dal jailiA j 
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Ixa dll jl^v^ll oAA j-q-n Lixdaj Ia . ^lAx-adll dll .ill-VAj Alij^jlLoj dl ^Laill ^ jjV 1 

A-^j^j-i^ll ^OAj-alill aILoia (jC- \, ivnI J3 Idlj (,^ dll^ Adull 

. 1 *t \\r. 


li^)JC. ^jll ^LuiaI] ^ qJ^dj ^)dlxo Aij^)Ia aIja^I jl (_£ jdJl C > ^}dxJ 

. dlL^-^.1 j£a (J£joi ^.Ic. Pjdl A-xdald a!1.i1 Aj^)» A ajqII ^L^jj aIIjaa (_£ 1 — j!iil IgnC. 

£.1^)^J ^j£aJ . dlLliJalj^)]! ^l.W'unl "^iiai-aj ^jjjXaa dn aILoiaII ^),))*’ ) ^ l»n 

y - 

A ^'q l-> \^\ A q l-> ^ ^ ^ z\ i ^ 1 1 1 ^ ^ L—l^lil ^*<1 1 ^ \ 1 A Q ^^l-*l t . ^ ^qV^-v. ^ Qj**^ l'" > ^ ^lAA^adll 

t CllLAlalalLj ^^ixill sUVl 4-jjlLaJ ja jli3 4el.lVl (jC- dlV JllsL^i Lil-ll (jj£j llua. tAjillac. 

y * - £ * y 

A-3J^)iall .^LALadili s-l^Vl (3^p <JjujI_1a (Jjj-aSll dlLiLaC- ^ 

(J-Ujuj Ia Aj>*o* 1 <jl ^1 15^" l\jd £_daj (jl ^^A ^lAx-dll ^3 (_£^)dVl 

y 

(Jj£dull ^ali lil ,e-\^\ ^JjVl J^.1 j)A dll JJ^J ^l^^L ^aj^j ^aJ t Ia A-£j^)laJ jldd^l 
jA jjfLa Udxi 4^iAx-a!ili djl . \ 1 1**^* a a (3^. li] (_^1 tU-ljll^ll (Jjxdullj jlUk-oll ^jdJl 
j)A ^OAxdill dllj ^)^)£j ^ 1-a cAJ!1a 1 duj.nl S^jddVl ^-J^jIaaII djjaUAll ^OAj-alill 

ks~\\ ^axIia ^3 dal ^jjjjenll (_pa*JJ ^aldill l Vi^^J O^* ^ 

Ax^jjaill dijl£ <1L^. ^ ^)j£l Adj ^Jl jl tuddl 3jj C — J ^ ^dp Jj 

* e t ■* 

^ic. dll-AiAj-aJ Jd3 Ijj (_J^1 _9 O -0 C-^^da (_^1 ^1 C^^'sll Ajdaall ^A 

^^3 Ijj P_J^)Ha11 oAA (_JA^ l^)dlxQ 1^-3 tl gAjjq'l l C3-J-^^ 

^^)dVl J^l^-ll ^j-o (JdaSl U^.1 (jl-^ 1^] Iaj3 3^1^11 ^_ja ddtll L_li^di 

* y tt y 

ijC’ — Q -dj 1-g-jV 4^aAAj-aliil A jqJ'a^ll L_flj^)ljd]l ^ja IjI Aj^jIaa]! o^A 3^di V . A-SAx-sallj 
^xiAj-allll ^jl ^dal^ll ^ja .AjSaaII ^iaU^’iII ^_}a Pj.W^a p^C- q‘i 
^^ajj cdil^ -Aj^aaII (Ja aJj.w^ll Ax.^a^a11 o^a (_jAjJa ^di V ^ qyi^.11 

!* Jl 

.^a Jj]l Axl U^lll ^3 Ixjdu Aj^)Ha 11 ^dl^l AjjIIaII oAA 

AjjIIa ^I_x3 dtJ Iaj 3 l Vi^^aj .^lAx-ajil AX-^IIa A jqJ-aA dalj^)laA 

y * * * * t y 

l g.lxVi Aaj^jJa dlliA (j^j t^x3 ad ajjIIa JjaIi V (brutc-forcc) ^1 -ia*J1 £j£11 

(J^.1 (ja Aj^aaII J jkJl |Ua^ j > n^‘i ^jl ( x. J )Ja , .Ujj , i Idl dll i .Ia Alij^lax AjjILq 

."(JdaSVl" JaJI ^lilax-alj ^aj^j ^aJ 1 3 J)l*vll L-SJ^pu l-^l^-l l.Vl^Aj . A n»A (JjLaa 


658 


^■lgL^ii'I 1 LbV ^J-Gj-aj]l ^Ic- 1 *iL^vs 99 Lbl tilli 9 jC. <^_a^xj 

(j -q .©9jLg j (Jj 4A9 £-g-g s.Llgx]I S^all Aj^ULg (J.J^ U*^ ^^ juj 

A9^)x-g aViI^jg! (JjVn (jl l_£_i3 1, n^j V Cb^l-^* cillbA <j! ^jJal^ll 

^j-a 1 ? \ l^aLoi-Q 150 1 S^)jUa li9^l l9j c^JIiIa]! (Jjjxjj ^ic- .(J^l^Jl 

£jJadJub V Ujlj 4(Jjl^JI (j-o ^ AjJ liA cilj9j . <jjj j\ ^gJj ciljjJjJJ 

jlfl tAm.^a aJ^-g^. (J-gVj A_iiLla A c_lC-^}3 lb£ ^1 IIgI . (J^l^Jl a9A ^xj^g'N ^)ly*v*J 19 jI 

A j'^lall ^jlflx^ll L^.jjJaj JaI>Vi <jl AJaJ^)joij aJLuiaII e9^J (J^L^Jl (j-G 1 jg"n-a 1 99c. (bllbA 

Ujln^l AibL^Ji ^9 l.V^^jj £ja A^Lgjoi ^)j£l ^Iba y j$ii 4 Ajj^jLIaII ^)JC 

CbLblaj (Jja 4A99 jj£! AjjJaljj pljjljjJ A jqJ^i i^q jj£I aIjIgI CjIjjILg ^j-ojJaJj . land's 

Aajli LjLiJailll yr la j ^Jajj .A_JaV^UI A_^_a^)j]I jl 4 Aj^jaI b9li A_^a^j]I jl 4 ^Ib^A 

. (J^.1 <j-G CjUjUlalll a9A Jj-g ^1,W‘uj.i1 9jC 9jixill 

4 1 Jl^. I^jjj£ 4Aj£^)-g]I ^^_b Al-saLk J 4^^-b J^l <j-G ^lAx-aiili Cbl jjxILg 99C 
oyk j lax j>JV lbl_9 l9^Aj .AjI Vu*iVI c." < j-G jjj£ 99xj 1 x>ijl l.blc ^iiijj 

l_li*jjI^^JI 9bl^)9<LG ^jjl Vn 4 A qjq^H ^9 . I’n u J <Jbl^)99 9 j9^. 9jJa liA (J^bbj 

A_^-g^}j]I Lq ^IjjjjoiLj 4^Lx9 (JjLoi-q ^9 AxjLoi]! 

(JjLolaII ^ axj tJ^I (j-o o-lb-Q A A_^-a^j]1 j ^Ib djLblij ^j_j^j .A_ilxk^UI 

4l^Aj *C5^ C5^ ^jljai jA Ua-q ^lAx-alill Cbl^iillA ^j-«a (Jsl l^bC- ^W'm'i A^jlj^jill 

^Jjul j 4(_£^k! AllujbiA CblbUai obA ^ai . w'u^il ^jc. ^X-AJUJJ Jjl 

j rtUIl A^V J) <zu* ,jj|" "^Lb^UI" V 

^.AjJajj . l,g ajjQ*i AjjJalj^]! A_l!baV^ aJUjia ^9 A jIvn^UI ^Jj ^fbb Ab£Jj 4 A jm.Vig.H A_ilxk^UI 
■* > 

Lqj 4^1_xbV^ AjI au*i! ^^A Lg I(Jj-g A,\u*ii ^jc- Ajl_^.Vi aJ!LgV 1 ^9 o j3-v*kll 

at * y 

bAc. -1^-jJ Ajl.Vu^i Lg j 4L_fll^)^bVi AjI.VuJ Lg j 4 ji jjA^i AjI VujjI ^A 

o Jjj-g-gII ^ajlx^i^kli ^ J.g'N ^x-iJaj 9^9 j .o9A AjIVujjVI Cbi^)jxli-G ^j-G (J£ (J^i ^j-G CbLALaluG 
4 A jlr^V lAjA ja. ^^9 CbV^ljt-G AC-^g^-g Lx-g AjJaj^)LG]i 9 ^^1 Cbljl.Vuj^U 
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CjV-^LxaII *Lc. ja^a L>°J ^ 4 jJo'N 1 g,Ajjq‘i SaLaII Cl±jl£ Ikj LaC- ^)laj]l JaQj 

. AjJa^^Ul A_^a^)J 1 ^Jlaj-aA ^jIj aAA 4 jj-v^^Ul 


^jA*..Wl aJLuoa] 1 }'q)V^A j I^AjIaa ^>L^. A_±1AXjJJ ^/txA 1 V^A 1 LaJ ^a^kj Cljl a)V^a1' ^JA ^ 

caVL^a ijs-**'} ^ V] (JjjUI ^lAA V c5^ Cr JJa aac. A_nJl 

aAA ^jj .LjjJalj^) A_^!k.^A aJIaI A_j^)Iaa (JIaxJjuj! ^Ac. ^jl lAa. a Aj.WaII 




. ^ixjj £jja^l! ^_j£J j cl_Loi^U sLc-Aa aJL^JI 


4-£l4V1 ljUJsL j 2.2. 7.7 

> « > ^ . Jl 

AjjLLJI l auj tJaJl (jc. CliaJI ^A J jVi A_jj11a]1 .aJja^LI ^jiijjlLo qij 

.<UjJaljj3! aJjaVI ^a aAjLiII 

ss Jl SSf 

^A] ^)lai]l jl 4 ‘^>aa 11 (J^laAl £_iAa. jln^l La! Lg_iS (JjlaA A-j^jHa CliajAl (J^ >. 'In 

ji 

(J^Ia. ^ 5 ^" cJj A - £a ^^ aAjl 9 l,n\c- nj La ^Liliujl (J^.1 ^ja (J^L^. ^ * k ^~ i } 

jLaa f(x) aAIa tlgA^ 1, n\c cAAaLxa ^IaI UjI (_jJa^AAil ^^JUia]! .A_a$.^La 

.49“ 7 (J£joA1 ^9 La£ 4AA1a] 1 aAA ^ajkl AjtAaSllA U-iVl ^j-u^)j (jl In^Aj . — ^Lia t ^)£j-al] 

• X ! a AW a ^aJ9 Ajc. Ia^jjASj ^jj aAIaII ^jj (_^l tJalUl <ja A-iII.Tia^ ^IaII lAA ^aJ2 ^»jujjj 

49~7 J^Al c^\‘^aj .aAIaII Iaajc. ^a*Aj ^All ^ajkll aL^jJ l-sa^AI ^_ja£j 

AjAAj iAIIAA .X ^)j^a11 ^ A-iQ } aAIaS Wia <jl£ 1 a| Lai9 Ajj^) 1 AaLajll ^xja'N (Jl-a j (JlaAj 

s > ; 

cAHa ^ "ixj .aJaUaII (J ^la. (j- 0 (^Iau^V i (_JA Lo lc.jj A qj'wli aAA l'n)^x"ij cCAlxJalij 

A Aj'q \ Ajjj-aJ AAjIaaJ ^ajkj ^aJ clAAjC. f jAAJ j tX ! AjJaAlA ^aJ3 ^Jl -LLaLoUJ lijl 

* 

^ja ?aJ1a1] Aa^Axa A a jql AasI^aII X cAajS La I(JLaij j cAJIaI] SA^jaIaII ^)kx-a]l 

.aAA Cliaall A^jl^a.] C1 j1^)a11 LjA c. <aAg '1 ^1 a ^ x nj AAl ^jJal^ll 
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AjjI j ^\ : 49 — 7 j£-uJ! 


^Jj ^}iai]l l_£_A ^)iajJaj V AAJ^)la cdLaall Aj^jILq L_fi^La_J tA_}jJalj^]l aILqVI 
A^^Ha LLjJ (jl (_j-a ^C-^)llj cAJIaII (_5^j ^l*W 1 V .AJl.il] aA?W>a ^J3 A.C. j.a'N.a 

(_]^J (jj A_£j^)ia 1.Q, W'u J 13 (j^£j (jl (_j^a-<J 1 (j-c . lAa. IjjC-^g 1^}-g1 ^sjuj^)11 1a& 

» « ii j> f 

A » j^j-illj J^lxn j ilAa. aI^_»jj <jj ^ ij A^j^)Ja] Aaal ^a!1 aJaI*-a! 1 .f*(x) = 0 (J^joJI (j-Q aJaIx-o 

V (_5^11 f AJIaII A_*u3 L-jUai^ \ cX} 1-Q (J^l .AJIaII ^ W *1^1 AJjujAI^JI 

1 g \a J 6 Xj A JaVJl oAA Ale. 50-7 (J^jaJl ^A ^bLuJl (Jj-q ^j)Vn . ill (_£ jLjIj 

^Jalij (J1a$ .^iaVl ^jj^>all ^3-iqj <jl ^Jj ^ ^IaaIc- (JaaI jLoi-g (Jaaj U-i^ 

^ic. IaLgjcJ (J^-ll ^)jA<3j J^l L^l ^aJLuiaII (J^J AjA^JI L-ia^iall ^jj)^<all Ja^Jl 

A-ujAiA (J^La. ^aJAiill c_lj^)3li]lj Xi+1 AjAaJl L_JJ^)3li]l lAA (J^lx'n . ^Jaa. ^IajjjuJ 

^ jLjjj .cJ1<J1 s ac. la j cAaL^j 4aJ1a 11 A_<<ua ^jlajJaL ^a 11 c50 - 7 tJ^Jl ^ ciiELJl 
All jaLoJl AiLouJl (cJUl S Ac. la) AJiaVl AiLauJlj ^aJIaII ^LJL-a ^1) (JaaII f-1*^ cJj^al-^. 

t ^aJIaII a_aj3) 

f ( x iX^ + i-^)= f ( x i) ( 7 - 9 ) 

: (J£joJ 1 ^^^Jc. AA^lxll oAA Ajlli£ SaIcJ 


(Xj,f(Xj)) A_iP j> Lf^ 
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x M =x,+ 


f(x,) 

f(x.) 


(7.10) 


aJUI a^A -Xi+l lij ^A aJjIx-JI cJ^J ^Llll l.Vnx 


.IjjLja^V Jld 4 _aj 3 (j-° Lju ^)3 



AjJabjII 4Jl^Sr» : 50 - 7 JluJI 


^^Lola]! jlj ( i _Jaa 1I Alu^Lac. 4 j’qJVia a.AA 4jdalj^)]l 4 JjaV 1 (jj 

J£jaJ jtiai icdli . .1^. (_$\ ^Jjj jLa L_L^J ^jJI <9^)*_a ^ja l n^Aj 

.» ; 

diljLidJI a^A 4-ixlH . lAdc. L_ic.^p X di^_JI a^)j^)Jja) ^ ^_ii£ 

* .» 

jA A-LaLuUJ 4 ') j \ » q ) La (.** n*\ (^-lAj^a-ill ^-L da jl ^3-aa a ^3 a jlx- A 'a qj La A jqftll 

.(_$ j_j^ja\1 (_)^J1 LaLaJ 1 j\x^ij cl^J 4 ^3 Ljuia]1 <jC. La Lc-^j 4_ijl dl <3J^)IaJ dl^JI 
# # 2 " * *■** ' , 
3^1 ^JIaI (3^ LS^” cJ A - £a ^ U^J ta^j^JJjAll J 4u>aljj31 ^JjaVI (JIa*JjjAj (JaLj 

.aSj 

^ j . f ; 

dll^jjiliA a^C. £-a d^. j J^l.qVuJ 4_llj 4_1 jaI (J^.1 ^ja 4_idalj^)]l <Ljjl^)^yi (jAx^V n 

^JA»‘^| ^jAx^Ml dll^JJxllA ^A (J£ A^JUlillj ^IqVuAlVl <Ul.l3 CjlSliLSl ^JAju'I* 1 

il«lSLAj . (ad.lC' djl^iiliA 4_IL^. ^Jj lALl^-dajI ^iiliAil a! L^. <j4.j4j 4d^)ia] 

(jj^4 V JLilljj i^lxjl jl ^jJ-Ixj ^ Aj^Ujc-VI aJja^I Ajjl^aJ jlgJal ^j^aj V 

(j^AJ £a .aJIIaVI a^j^iuj (j-<a 1^3^ L$ ^ g'3^V 1 ^jaLsa 

- f # ^ > 

A^1a^\ ^L > iVuJ ^aJ . adli dll 3} 3-J^ u' Cll^)^3a LS^ (_£^)*^alll ^)LgJaVl ^iALlA 

.[12-7] (Schmidt) c* idA^L (Jac. aIa Aj^mll aJIaVI o - 0 ^j^-^Lj^>31 
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4 _i£ AjlJa 4 iiLal 3 - 2 . 7. 7 

Ajiiila]l 4 A]Laa ^A j 6^^j|Vt ^Ac. oSaLa Ajjjjj a!jaI (JlxijV^ 

A j'q \ln\\ A^)ki.si\\ ^9 Clalali^)!! A_i^.jj A qjq^ ^j\j U^lc-ll dul^ .Aj£^)a11 

^ cJSlt ^j<4 ^jq Vi ^ JfLj ;Aj£^)a]1 ^_1j ^ AjII^. S^jaa A_ix-al_kj o^jli ,A*J IajI 
<_j^aa jA UaC. LaIaj AaliVa o^jaaII a <j] .Aj11jl9 ^jjII ^)j£l 

S_jjAA Ajj-aLk .li^lAllj ^A A jq \h\\ A *\\k>.si\\ A_i^.jj ^9 Ajj^aII cAa (jl .AViIxaII ^9 

* 

?I^La*I 1 ujI I'iVNaj l <a f\ j 


^ja . A Vi. lx a 11 ^jLaj-all <_)V <_ja ^iAj-ali]lj (JjlVill Aja£ Ax^J^aj 


AS ija^JI J^lxn ciaii9 N x AlliaJjuji aI^a^. 


^UaII aLIaja AjjJxa A^iij^a 


N r = 


Et 


FT) 


(<+<) 


, T Et 

,= FF 


(<+<)=° 


ijjaj cIiVIkViVIj 

(7.11) 


ia 3 ^L*J 1 (Ny — 0 ) ajjjL^JI Sjiill A^^ja ^ A-ixj .ixj 

<=-< (7.12) 

y 

* A 9 a^a 1 I 7 s p Q \ \ aj 

N x =Ets° y (7.13) 

A^aix-a]l a£Iajoi (JV ^ja ^lladxuj t Aj ^ ^ajoia j j^a (JlxAjl (_)V ^ja c 1 ^£a j 

I ^ ^IaI <JaIc. ^ (j J*^) l 3 ^“V ^ A nVil Aa^^UI 

^ 1 - (7-14) 


^ required 


E £ 


allowable 
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^j-a (7.14) <1^1 -*-a] 1 (jc. <ail^-a CjI£U^ <jl )VsV 

A-laj^)jai Jaiia o^.l j <jLaJ ^o-aj-alill 4_1Luia1 <jl c*ilj ^ latj '^allowable J E 1 <Ljji_iLa 

.SjLaII ^jj ^ (JL^. ^ Saj^c. cAjUJ j cSjLaII 


:ljj^3 <jl£ i Ja^a M x frl Wil li] 6 4-lLA-<La <JLj^)JaJj 


M = 


M„ = 


7* ^(/f t + VK ) 

12(1 -v 2 ) V y ’ 

Et 3 / \ n 

p 7)^ +v ^ =0 


(7.15) 


121-1 


(My— 0) ^ . .iiU' I ^jatSI lajj^ ^ . >n3 1 tJUlLij 

(7.16) 

^ u^ij l^Aj 

(7.17) 

12 V ; 

K^J^x^ill <£Lajoi JJC. ^JaaJI (JLxijVi £JjjJ (j-a Uj.il tciilj £_-a 

< = < + 2K , (7-18) 

4Z=+t/2 Aic. (JIxSjVI 2j.laJ ‘(£x^* = 0) S-Liijl (JaJ qm 


K v = ~VK 

y 


M ^ 

M x = K. 


K x =-£ x 

-*max j. -^max 


1 required 


-.1/ 


6M. 


^ allowable 


(7.19) 

I<jj)l)a,.all <^Lajudll tt^lUl laa^ 

(7.20) 


A'uAx.a ^jllx-al »1 WlVl j <11 JaUaVl <l^aa. (j-a (_]£ (J^.1 O -0 

c_lla S^)xuLia 4 m <a <1 ^a^. JaVil Ajjlla.all <£Uuji] 1 (j£-aJ t^JxU-UI <UjUa!La 

.A j,a*W ^J-aj-alill A\\aC- ^jj (_£ 1 i (Jj Will CjV jlx-a j 

;<JLk-aLLa Clililij Clilj ^-iaijaiJj S^jlaUj-a djlajlall oJAxUa <^_iix-a (J^.1 ^j-a 

> .» 

: j (JLxijl - dila^Lc. ^^Ja*j c^jIiuaaII ^a N x <xjJal_k 
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(7.21) 


1 

X 

1 


1 

1 

CN 

4 ' 


1 

H 

1 

1 

1 


A lz 

^22 _ 

1 

V 0 

1 


1 

O 
1 


0 - A 2 £ x + 4 > 2 £ y 


(Ny— 0) Sjill ia^>2u 

(7.22) 


A, 


N. = 


£ °=-^ £ ° x 
y 4 2 


A a 2 \ 

A - An 
Ai 




(7.23) 

ji 

(7.24) 


22 y 


I J <]U^i*UjjV 1 6 g.\,j>j>i'N A ll a \ x,a (j! tAilj 


A ;; = 


=E(e,l 


(7.25) 


k=\ 


ls * Clk J ‘Qll,Ql 2 ,Q 22 ,Q 66 — 1 4 sj*-" 

Qll 5 Ql 2 , (ji ^jJai^li j)-o . AjI£Lajuj tfc AiljJaVi-J tk. Clll^ <a±la]i 
tCjlfllajll cijl£L<uai (J^-i (j-® ci^i V tAilj .Ei, E 2 ? D 12 Q 22 

ji * 

^ 2 ^. jjjSij Ia^Aj . ((Jlxiji - 6 ^ 3 ) Sa^Ij aJaIx-g (j-Q Ajlal 9 ^)li ^ijjj tAjla±la]l aac.j 

s # > 

aJLuia 4 iAL^JI oAA (j\Vi .4 jA)*\V ji oIKx ^jdC- AjAiLall ^jlAx-ali i 

AjA^A ^^3 Aj1_jj*_x-£ 3 j £-a tAjAiLall 'ijAxs?] A^1 a\ 121^. Aj^)j LoA^C- ^ 


.(JjJaaVi ^lAx-ajll AjA^A Lx±La AilAaVl-J t4_iiLia]i A A^.1 


J ^ 


^gJasu 4C_sl2Vi-J Si^Lo cAlixi^AC. A ll 3 j^-ali aAAxii-o 4 j£^)-q ^Allx-a (J^l (j-o 

* 

I J AjLuj^J^ Jajuj^Vi ^-lajoJi AjVIx q il j ^ (j^J AjUl^LxJI 
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N x 

N y 

N , 

M x 

M r 

M„ 


Ax 

A 


16 


12 


12 


16 


22 


12 


22 


26 


A 16 


26 


66 


B , 


12 


16 


16 


26 


66 


12 


A, A, B tl B 


' 22 


24 26 4* 5 


26 


5,, B,-, B ,, D,, D 


12 


5 12 2?^ At D 


12 


B,, : B „ D,c D 


16 


5, 


16 


B 

B, 


26 


66 


22 


26 


D, 

D 

D, 


16 


26 


66 




( 7 . 26 ) 


(J^. A^. JJ V t AjjJalill <]1 A j )\ ^\!h\\ A AxJ o £jl jJ o AA j 

^_1xj . AJjLxu-q A Vv^a 21 aJL^. ^^9 A^. jj 3^ 1, ^ , a <=> *) jiallj CliV ^lx-21 

(J j 3 . (JjLgJ <Ajla2all oJAxLa (J2 3-° Cljl^Ltuaill (Jjl^. Pj^> J ^AC- ^21 A 

> 

a2j (Jjg 3* j!i£l 3^ ^ 1^/1 UjI ^3 aJLolaII 3^^ '( 7 . 20 |j ( 7 . 14 ) 3 ^ 22 x 31 

cIluj jj£V1 <3^* Sa 3 j \Aj 2 3^. ^3 tdjlaliij^ il g.> j^j a^LajoiII; 

.( 7 . 26 ) ^UaU 2 I 3* CjV^I— 

3-o ^>j 2 ^aJ-oj-a2l CIiIjjxIia 3-° AAC. £-0 x«Vl 4 _ 11 juax> (J^. 3] 

jJC” (J^. e Ic- J 3 jj 1 ln\c. c jjAiLi-o (J^. L_jl_iC- ^3 j . V A'n-o 0-2 (Jj*a ^21 iAjLaIa-o 

3 ^ 3 ^ 3c. 4 . 2 . 7. 7 £321 <3 SjjAiL±2I jjc. ciiljjliL21 oaa (J2a ^a2 *- 2*^ jj .SjjAlj-a 

> I* > 

aL^jI (J 2 3* ^ cijli 2 jj Sac. c_jj^)^jj ^Liax ]1 Sj 2 l Iaa w'uai'i .a^ 1 a^\ 

(Tsai) 3!-*-^ 421 ^>2 ^3 ^j^.1 <jjIL« 3^£j .^_iAj-£a2l (.“ il Jlv^ 3^^ 433 a ^ \K».^ 

3-0 Vaj tlgjl (Jj cAjqj'q^ 4 jjl 2 a l"uhjI 3^ j c[ 13 — 7 ] A j<i J-i'i ^jUx^all c. <ajuAi' 

3^-V 4-JJJ JJ ^-o tVm.j CIjVj-o^. Cli^j 1 quiu sih^ 4 C' )\ a!\^ 

.A_iJajjL2l aJja^JI (JI<L^j C3^C. 1 ^j1jAL2 ^A 3 j A_i^jla]l ^jLlx-all 3 -0 6jlA^-2i <C.^a^_a 11 
tig ks-x^ ^aJ ^21 A ^cjUj^JI ( 2 ]j 3 lJ 3 -0 (Jx>i^Vl A Jj J-i\l <^iix^ 2 l ^llijl ^aJJ 

t \ * , ( 

(_^Lujj AijjJal ttAllA ^x-q .(JjJaSV^ 4 _i^jla]l A "yjx^ll t A q tlljjaj 3^ O -0 (^^^J 

c21j J^ Ajijiall ^jLlx-sall <21j 1 jj-saJiLa 3^^ Cl±^2! 3^ (5^ 3^^ ®Aj\ll 

^jl_9j-a]i ^ 2 c. 12 gL<uaI jx^iVi 3I (j^ -0 ^ t(Jl 221 (Jjf*jj c!j 3 LgA-o Cj^lxJl 

•* « ■“ 

. t_A*J C** il j 3 -ix>a \,g \-Q 3-0 j 3 j!L 4 JA J21 
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\ 

43^)*-aj l LajS A j'q ^ 3-all A 4_]Luia (Ja£j 

ClAstF^]! c." )\^.y jj (_j-g \\\ : \a^ 1 4c ja-n a11 ^A Lg ca.l^jj ^jc- 4 a1_c aIuj^j 

# # f Ha 

6 4ja£ I^jaI ^ 3m. 'i j (jjliSJ ^r, u^'i ^jl liA 1 n'c. ^.a nj ?4 jqJnll A o^A (J^ xllj 

^j-G V Ijj] .Aj^lLall fliw^Q 4 j^)1<Lg ^sjuj^)J U^J 


L>« 


.» 

aiw.Q 4 c.^a^_a L_ic-^)j lijl ^^3 ^-*jjLujV^ li3.1A <_ja£j !^l.Wi clLali 


A (Jl^Jl ^A Lg£ — A^LgjuJI pL^jj ^^)^-g ^j-Gj-allll ^ ' Uajl • ja^s. 11 

J^C. tA^l_Ajud]l o^A ^j- G jJa £_iJaj 13 Lg ,la.lVjj A^Lgjoi jL^jj ^m'l Igi] (Jj lAVo* a!1 

^jlaj-a]l cJ^.1 (j-G S^jj^iiaill ^jl .51“ 7 ^^3 Lg£ cl^jl^^jjj ClAsliT^)]! 

^ j 1,'nlc. nj V *»“ \)^ t4ijJ*_Ail ^ jj ^ jA Uaa ^)jj£j 1 jj£I 4j£^)a]I A jqjJ-ill 

. 4^1-Gjud3l I .l^J J ^JjjtliA 4 aJ3 


: N»' Ny, and Njjy 



Ajx^LuiSfl aJL-uaJI :51-7 


^Loill 4_i3 Lgj^ SAW, a 4jiLla A ^\kks-i (J^.1 <_ja 4Jj)A*s.H (Ja Vi S^).i3 (j] 

> mm 

t Jllall (^5^* *5.4 ^3 l^_L-£3j ^aJ CO^juiLia 4 ja'W ^A ^(Jlxijl — 

^jjx-g (J^ (j- 0 aJja^H (JaV^I 4 m , a o^j^Lg 4<Li3a 20 (_j-g 4i3j^A VaiLla 4^-iix-al <j j$ii 

c > 

. ^CliV J)A^kH (_JA ^)Vl O -0 4aiiVA 0^)^A 4-Gj3jj ClS^ JA^ll ^JA 
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^2 JjaVI (JaViI 1 g,xaq‘i SAWaII J^i'qVi ;LaJ cJULaILj 

at . s « s 

J v &jj^c> ^ j'\i 3 -i ^jlaj-^aj jl c<a±La 50 jl c 40 jl t 30 jl c 20 <j-a yq J 


t a 

A ‘\.\kt.s*W ^ja^V i a^jj^iuj i^Aj t JjaVI (Ja V >». ilku 4 jqiJVI ^jlaj-a]l a.AA £-± 


£}*-y 


c_LujLjjj il^joiaj a^Loll ^ja Kz. ju^ Clijl£ Ijl . A jV*\ ^ jq 4all 

20 II Cljlj 4 jq.iJ-ill ^jl ^jJal j\\ a . CljliiliiJI £a IjJa 4 j'qiJ^ll 4_^_iix-a]l 

4 (j_)j Jiic-I Aic- *Lajl a^JLlAl! yiflall Jlaj-^a]l ^j-o ^y)j cJ^VI ^^a A q 4? 

<c. jY'Vl CjULV^I (jjj jjjVll JV <ja Lia£ (_>jL^ "LLla JjLuj j Ljj^l (jj^j tA jqi3VI 


(Jja JqVuJ a1\^ £a 4jI c*il3 ^ ix. j . yqiJ^ll 4 ^jqx^H ^ja* V i aJLolaI Aj^aaII 

J I^jj ja. lia j yLiall JlL^JI LuS j ^Jvvi UjU ij jj (Meritfunction) 

<!LaiA Jc. Aj 2 1 ^-jV (jl qVuJ i**u*nl J Ja^.V . ^ia^Vi'I CjI.iW'ia jik'i 

. (jl'qVuJ UJ^ u' l.g ‘i^ai V JLilLj <.A jqiJ^ll A ^JVI ^jaxVi 


J Cjlilijll a i^aa'I ciAaLvVI ^ja-> jIjjc.Ij c_ic.^j cVoUJl 4_II_VI J 

^,ia^ ^jjV'i U1 jU. 4 jI cilli ^Jxj 4,5g.‘iA <jj11a 1I aAA (j^lj t yiifla]l A *\ jqx.VI 

a.AA qJj V ^JLill-jj *i^>aa1I J jIVI ^ja ^Vil cA^I^aII 4 jqiJVI ^jla^-all 

^ja ViLaLVjVI (j -0 LgLaj yqj^ A-Z- j)A^kA Jjjc-I ^xj V ta^jjAj jjJa^j 
l_jLi»jjV c*Vnc._j ^a^c. Jl a-LLajj tillj tA^xal j yifUl aJIc. J^.1 

.52.7 Ajjl^ ^qjj c67.3 yjl_^ <1 jLa La Ai^la (jj jj.w**ii a j» j uVi 

L^ jijmVvB J ClilalaJI IjI jJ 4jjJLia 1I Clilajj-ajll aAA Jja ^jj'qV (J-oJ V 

AiC.4 Jj^qill (_ja^ ^LiA .y l_J jC.^>A Vj lj^)j^)jJa I^>aI 

.( >5 jl ,VqAi <c.^Ha LIjJ (Jj ^IajuJIj <L^.^a1I 

^ i^aaII ^ jq.iJ-ill ^jLlx-sa]! VjlalflJ] I^A (jVq n 

J ClilaliJI CjIaLVIj JVj Laj3 ^JHaVI (j-° I^^C- ccd]j ( x-ac 

•(_$j)^ t s ^ j-jj La£ 1 4 i'q Jll 


L^* ' 


J> J> «* ^ 0 „ xjl 

c-'LapLi^ aLo-iP-L ^ Jl^ri UjSLc 4 jLa 5^ oj\k^ 5 jV 


( ) 
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Ujjll jL-aaal ^3 (jA^a _>^a ^. U L/ o jjjaj-u ,J-^I LS^ 1 

±c. dilalijj ;°0 Ajjljll ±c- cjISISj JIa toilwA ciAialja ^gAc. CalSUTjIl LljaLAl 

a-ALL ^jlL-a $.laa lajl La ^ jaal ^1 .±45 ajjI^jII ± c> ‘90 Aajljll 

(jx> A^jjij Jixll tila.il (jjfLi <jl Ls>* A- ^ (J® ^ LS~^ t-laSa laa^)£a ^LaII LEI-aIa 

t+45 Lajl^ll iac. cjISISjII j t0 Lajl^ll Cjlala^l! j t90 AjjI^ «^±- tialala^jll 

* 

<ja A_ala±All £-1 jaVl oiA C—boijj t^LjlFjll iliC-1 jjjm! .45 Aajl^jll .lie. tiaLsliTjllj 
^aAx-aall CiaLalxA lAiae <jj£a .±45 <90 tO ClalSlS^ll A_Iale £-a JaI*± Ljj . tialkaiall 

? Ji 

tO Lajl^ll ±c. CjISISjII Lliel cJiLoj N tM <L ciLalxA aI£)L ^aa Igie t."^ n ^^lill 
Aj^Lj (jc- L1UJ1 oiA ^ t.'*^ n .^1 jail 6 ±4 5 Aajl ^11 iac-j <90 AjjI^II J 

i'*^n <_sjjuj La^l j <(Aial jaII Aajl^ CjIaL^jVI j*j q a J£ ^a citaaLll iliel) iliel 
ial jaa Lai Lk.jalla t,‘* A q J->U L^-ajoij t^.1 jjll J] A_L^.^q L^c. lil jaa^a ja^l pl^c-1 <je 

AaaUAx-saall aAAaVI LILaaI A_}jJala^ll Aataaiall jja'n .A_i±AA CalAl^al^ 5 jl.vL j Ig.Aja 

* 

dal jaiHd Aj^aaII ^aall Lie ii^j Laiae jl t^-iAj-saall tial jailla Lie iaL Laiae jaa£ (J£jiia 

, .» 

.Aallall o^iiall ^3 A j‘4j>3-a\l A ^jL^ill ^ja**VA ^jaaajl±All ^jaalA (jaa ±^)Lij ‘^■Ljj'-’J .^aAj-aall 


AjU-aII aJXa) cjIj%4 jj 4.2. 7.7 

AatiAll AAalal ClAa^-a^a ^jiaxa tLejala t_alajujLfj AjjIjlLo tial_^.jia — (jialaa c_ A jjuj 

(jAjJa Ji^a Aal^. Lgjoi ^L-ala^)a (J^l .OPLA]VIj RC7 cJl- 0 (JIaxjjujV! AijlLill 

0^-3 Jlallaj tLaj^ l_Ajajiaa ^aa Aaa^. Cala^-a^a tillaA <jl ^£ja!1 ^j-a . ^^-aaAx^aall ^^^^AscaII 

# # ; > i« .» 

t La A jaj\x‘‘i Laaa Aj^LiaII c.^W’ia''! t till j ^x-a . ^>±all c)^ l^ia j Ciali j A-aa^a A-uiallAll 

. Lal.VLj.iAj LaLc. 

jalj£ tilLa t(WaddOUps) (jAajilj (Jaa ^JA RC7 0 ^Lj ja JJjiaj 
JA±a yiudA Jjln J^l ja t (Ashton) uA^' ‘(Olsen) o^al j c(McCullers) 

Aajl^ja A^jaa ^jl Cialala^jll oLa ^ja (J£l (j^-aa .Aa^aJa A ^>AjJa <alaj 20 ja^V 

- - ? ; 

-ikla V (^1 t^llA^.Vl cJa^jaull AaiaJall A-^aaLsall oLa (JaAa .5 11 Cialic-LjaA ^ja 

^ajka ^±1 Ai^.jll ^lAx-soall Jajjui (j] t_ala jl CiaLalc-i ^1 jlaaC-VL 

^jaalaiall <Jjli±L/l (_^jlax-a j <ja A jqji J-all A_^aix-all LjLIaj J^LlaaSI jA A_Aaa5aa 
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. 1 ^jIjaaj (JjA - ^LaIiI JjLa^Vl ^)Li*A djl^ls^) tJ^l {ja 

y y 

!^g\ ^ nj-i \ ^J^A 1 V C(_£ ^-IjaaII ^9 4a)Vi IaII 4-1 J) A*\ll ^A 4_]j)A*^ll (_JA j'N J)\\ 

t(4jj>g.**n IAjj^j (_j£aj Aj\ (j a jLjjc-V^ (Jjxj S^La^II .iklj V .*U»J ^a 

RC7 ^c-aIj^J ^jjfL I^Aj . jl jjaVI jl CjIj-IIaI ^jjVi j (J^aj V Jllilljj 

.AjIHaI] ^JjaI ^laLj^j ^jajJs jl^_^.j — Jalaj (Jj\Vi 

^tjUj^all ^a"\ . ^LiaxJI C' ^ ) A ,ViV i aJ!L ^ jl 

* ■* 

^)l.Vq^j Cjl9l9^}]l dllAl^ji ^)jj3t'i Igjlc. (Jjj-a^Jl <_j^aj 4a£aa1I 

£ja! j 0-olj^J AS^ RC7 ^aIj^j LlljLlj ,A^1a$\ S^j^iiail <L^-»a ^a 5 1 ClAic-LjaA 

y * •a 

4_jl Laj \ ^a ^jujLujVi .£.1 _iaxJ 1 D jilL <J_i^_3l 4 \ Vq \ ^jc- (Jjaa aS^ ^ t (JIaxILaV 1 

- y 

(jc. Ljj.l] o^)^3 V ?Lg-^l*Wi 4_iiLla]l 4_^_iix-a]l ^A Ia3 cIa 4 m ^ (JaVi ^,a nj 

^ 1 ^ J l_i^j Iv^lj c jj <jc- (Jal (J£jaj j i e_J a^jai diLaJaSl 


. Lq ^jl^A 


jl o^lA £jJa tJaS9 j Aiiila ^ja "4 j<i Oa <^-iL-a" £a \^j\ 


fi^A ^ja ^a£ .5 II Clilic-LjaA ^ja Ujj Ale. <C-^Ha CjIaL^jI ^9 oL^jVI AjJL^.1 

<3l9j jJjJj WWp 36 ^jic- (Jj^aaJia 5° 180° ^1*»3 ?(j^AA CjlAL^j^l 

> 

ojlc>j ^aJJ Ia^JC. 4jl C5^*^ .(<ialjAJJ J^)£jJ A^jLaJi ClA^k-jall 180° (JA 


oU^l ^9 l <a\j \\ ol^jl ^jli c 1 80 Ljj^^a oI^aII 

)\ jail o^A ^ja !<Jlj^jd]l ^^)iaj <a±Ia]l o^A (J^.1 ^ja .<ja Ljljdjl 

I^a qc- ?4-]jA*\li (JaVi is^ 0 S^j.V^aII a\ 36 a *^aa!1 


pl^jj cJ^.^ (ja (. A ‘^aaII <C. jV'iaII A ^ja'N ^ja c-lilij! <Jjl^)^.j ^lj 

^Jj-a]! ^JJ ^11 ^jAj-allll (JI^ja ^jl . CX J lg j hJj L5^) ^ 

*!»>«< !» Ji 

JaVi c” il ilki a (J^Vi Otj oL^jVI-J fi^.1 j A^l9^)J <£a1J1 (JaVi S^)^9 (Ja !^A 

» # > 

^aC.^]l_J c^ol_laL9jj (jlj Aj V ^)aI J&j) A 'S.jqx^ll" 0 ^)^a (_J^j ^al l^j ?^Jja^11 

■“ * 

• ( - 5 ^ £ - r 4 q^J-a <iLjaj lAAic- 1 ,‘n\c- ^x, \ \\°i C(JjJa9V^ (J^jaIIj A^.jj ^_}a 


cJ^.1 <jA t\ L jjjj ^9 ^j^-3 tA-ijUill AiJall c. ‘^u-Vi Ia^jC. 

y a 

AKl .UjLa >vV W a\\ C(j AjjI j] 1 J Aic- ^ jVl <iila]l A^.jJ 
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Aktl ^1 4 _ilUl]l A q \h\\ <k.jj ^ 3ji.ll •((_£ J^VI <j! VuJ JjJaal ^ 3 -axj £_£All 

— 4 aj 1 jj ^Ac- (Jj-a^j ^11^. cli^A-o 36 3' 0j “‘ a 6 3 1 Clalic- LiJa-o l^jujl^ 

dll A *dLia]l A 1 nA-aat il tl^Aldll AjjIaII jVI A <\\W\\ ^bjl^j SAjA^JI Ajjl^ll 

a , _. ; 

A-aljp* 4 _ALla <^-iix-£a (JjJaal 4 _di_lll AjqiA-ill 4 -^jdall 3 3^ V ^AIIaII 

* > 

1 g,a jm ^^llll A 3 >J^ jl^j^U Ijal *xn 51 ^ llA (JjjLujVI ^JaAlll 3 A ^ tvilSi £a 3-0 

V .^. 1 -iAxll ojillj t.” 1^. 1 4J3UL0 <i>nl JL^VI aAA 3 <Qx -^'^ . ^>a-oj-aj]l CIjI^jjxIlq ^*ja*n 33x1 

Ajjl,jx>alj j <L^)iaJ Ad 3^ ^jAVd'i Alli^. o^jj^Lui 3 j£I A^LjjJaLjj aJjIoI <jjILq llA ^.W'uAi 

4 j^)l^)£j ciAjIxai*\ (J^l 3* 1^ ^I'W 1 . L^liLg .^. jjj aa*JI Lg lc-^1 

<JajjudJ jIujIj llA dLjLud^JI oAA ^3! l n 51 j 4 CJjjujI^JI oAC-Luia Jj oAjAC- 

3VI b-o9 Idl (.** n^«. . 1 <q (Jlalxlil ^lill Cj il.g_-k.jal] ci^rH (_gAt ^ cJ^ 3^ It 3 

jSVI dldAI <Aj]jj 1I LlA ^. jj A_ijUill 4 _ajLall 4 a a 11 36 11 dl^k-jj]! ja-n 3-^dn 

. [ot 1 j (X2] 303IIJ lA JjaI 31 3^-gj t ^ 3^.! 4 _iiLla bjjaJ A 3 ^ 1 jl 9 33^ bjl -9 

3-0 -Oti J jVI <a±Lall aj^jj \j yV'i j (Jj-oIaII ajaII 3c. 3VI 3 ^'Vi 

3b Jj£j 3I Lb ^}\) 6 till j (jjjfl *^J Ijji-l^ja ^3 1 * A V J 1)3)5 jA^ AjaII lAA Jja 3I A^^aJI 

t 1 1 .^A J .^liLa^M oL^-J^b A ^,^^a Ia^jj^J 3.J^ j V A_jjllill <a±Iall 

JJJAJ AjjI j^j Jfi-ij f-LS^ LS^j t a l/ (*2] L>* ' 3?*^ uW C 5-^3 

Silc'j 3^^3° ^IbA .Cjlala3^ Silc-U oIa Cjlali^ 

.<1:3^ (2)j h!q^ Silc-j 

1 ciAic. Lja-Q 3 Aj ^ a 3W ^bliT^ M 3^^ Silc-j ^-<uudj 

> 

jjxj lJjjj Aa =0 4 ±15 4±30 4iiui. 4 ai+Aa JJ jj*jj ai ls-“4 - 15 

J ss fi 

fjh A. jaiij CjB 3 ^ cs^J t dal juxaII o^A 2_ia^j l—o Alt . 1 C ^2 

ajIHaII dili a 3j^ j oa^J <aal _^ a1I a jq^ll a <jl 3 a 

( 3 ^^ 3 -0 ^3^^ *[^1/^2] 4 ^-ii*^l! oAA _jtAl c_fl^*jj ^ 1 \ \W ^Jt> 33^Vi 

^ ^ f ^ " >s= 2 .. „. 

A_illj d^)a ( 33 ^-^ 4 ui')-^ Siltl ( 33^-1 . 5 SAjA^JI AjAjiall <^_iix^all oAA AjA^j 

3-Q3IIJ dll 3l_i^Jl oAA 3^ 3 ^ ^jl^x-al! (Jjdai 3-a j-adl ibaLjaj ^Li^. 25 ^Ia^JjujLj 

-[C01‘ CO2] 
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AjL Ui < \ A^.li j Aj^xj l n«s. t A jjj^jaII A_i^.jall SaIc.1 i^Ua Axj J jllij 

SaIc-J .Aco 1 a jIaIaj ^jIjjsuS (JjlLijIjII (jjjIa ^-ajj t [co i / CO 2 ] — J 
* \ ? 

;o^)-q 5 Ia^jIaLq SaLj^} jjc- 20 Aj^la VI^-a Aco t aj j^5ja11 

* 

(j* Aco 1 Ajaa^JI oaa aj£j .d=10 *±5 ^0 _jl.viAj ^Juj Jlllljj 

A_^-iix-a (JjJaSl .Lgl-akAJ ^ at. nj (jjjslii^)!] oAjA^. Ai2jj 25 AiLia (J^ 

b^A AiLsA A_i^.jj dJIc-Lj ^ .[cpi4 CP 2 ] J A_iiLla]l aAA (jjj ^ja AjiLla 

25 11 CjIjIja^JI oAA A_^jLnl A&jJl Ajiijls^)!! A jqJ-ill A ft will ^Jj 3^-J^J 

.[01 1 62 ] — J A^LjaVI 


^jlaj-sall CjLLa^ ^ja^ ^3 L^IjaLc- 1 CliAJ A3 SAjAC- CliLjLoi^. i^lLiA (jl ^_iJal ^11 ^ja 

jVl AiAall cJ^.i (_ja 0 1 ajjLaa Ac x IaAjc. c^JIiIaII cJ^f^ cj-^* * 6 -^ Aj^lill 

Lia 3 A^3 till A £aj tljjll A^jolIIIj A3j^)aa d±jl£ AjL^M <jli cA-ijlllll AiAall (J^l 0 J 

lAAjc- (J jJaS^l ^ja 3 tlA^. aI^-uj I^j ^_jilj CIjIjLa^JI d±jl£ Ia| S^a c_jLa^JLj 

^cjliij ja^ jI£a!uj1 (J^-l cl) -0 AaIs] ^Ac. (_£^)^.l &_>a CIAjLa^JI 

f SS I* JS 

Sjliall (JjUljgua. auj .ILL*: l$j lia3 J3 lj£ Ijj LuS j£Lj <LU :"'l il 

* 

t A.J-ijaaii oA^jViaII CU >.x j*\A 1 <jj 1 “ n*\ .Al^Jlj CIjLAja^JI AijUa l_iA 

* £ ; 

*>. ilJVn .Ia _j£aj j (jA SaIc-I ^jls 

1_1a 3 A3 lj£ I Aj LajS j)\ ^J->‘ia11 j AAjLa]1 CjIjLu^II ^_ia^J Aj^)j^)jJa]l 

cA^sLiJal AajjjujL^. 0a1^2 AaaIiIa Aa£L^aj IjI£a A *m a A_iA±la A_^_ii x-a ^ja AjI!1a]1 

.UisLjal Liaj ^ajVu^j ^llSljj 

V LijV y' AiljAaj £a oAA ^Lia*J1 ojaIIj Al^jjljlujl ^iij 

* # 
aJja's.II C1ajI£ I a] .AjJaj^)iA]l aJja's.II '1 djl_a±la]l AAC. 1 q Ujja 

^C. AjAfUl A^-iij-all cillj ^Jj Ulj_jJa cAAfla 19 Jj A^3 tlA^. 

^ja AAxll lAA cj-° ^ .)^.^ A^-iL-sa (JjAaSl Al^jjj 4 d^)a (j£ ^3 oA^.lj AAlla AiLiJaj 


t.** n/in (jV (jj\.u2 xJ\ Ajjj^iaII j A-La^JI A_i^. j!lll ^jAlc.j Vu'aC. Aju 

1aj3 (J^.Aj ^A -\\hksij l <aj\ \\ fil^jl £a oA^.1 j aS15_j5 l <n"l oL^jVI 
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^Ac. 0^.1 j A_iiLla A aJUI A_1Ua (JsVl ^Ax i AJUa ^Ax *l3aj>*+ 

SjIxU ^A lijj 4 (a aAAjIs^)]! CjI^LjAII (_^lj a x^ili I^AjUJ ^_a^)xj (JaVI 
aJUiaII ^jj .vIUiaII <U]j (J^.1 (_ja A_llaU. AjUj ^Ax (Jj-sa^-Loi Ul_3 A_i^.jj 

f A 

JSjaJ (jllAjA^. JjlLaJ . jj*\a'I aSjUj aAja*\'1 ^Ua ^A I^SjUI C_fl^)x j ^All AjjliU^H 
4*aA^l j A *4j>3-a A A-a j>a1 jj aA^a^AI oAa (Ja Vi U^jl 1 jj ,yj X ^jJ^j'saII ^ja (_]£ J^3 j jUua 

(J£ja1I ^3 US t 45 jl +45 ajjI^II J^s j Uj l^UjA <JjSj a_jUV 1 J U^xj 

A_jUVi (jli 4^jVl aUUII aUjj (." nfn £a 4 J jVi AiUall ^Aj AiLia LlijJal Ijj .52 — 7 

Uli tliA U^jj lAj .^gAljall ^^Ax t+45 j — 45 Uj ^^a a-aIIAI a +3+1 aU jAj AgWuli 

A_^_iUa ^3 (JU*n A A_jUV^ (jV A-IujUaII A_iiLia]l A )V.^A1 cAUi V U1 c_fl^)xj 

4.” \\xa) Ijj .y aUj^M 4 X cUjV^ ^-3 (ULA^M S.1^1 j Ax. ja-^a £a A_iUla 

^3 A.«\.^ d^a\l 3+ ^U-ajujj Aj j^SjaII j A, u*iV\1 A_i^.j!A1 ^jUxI (jli ‘ j*% 

* j> 

oUjjj £Xjj J j ^aJJ Ajl liliA . I^AjUj ^^All ^Ua j^\ ^ja (^jjjSIIJ (JAjJa U <jISa 

a513_j (CjUUjI jlj oUAl 4.** njm ^3 JiaIaII ^x-liU^Vt -Ull ^UajVi 

UlA ^)A V*^J 4.” ^ \\ (Jj 46^JUdljA A_^_i^_x-£a]l AjUVi Ljlul^J V • ^JjSl ji ^A_^Uj-£3^ 

; 

^Ax V A_iAjJa 4.** r\ n (_^A31 3j. WaII (JUaII IAa (jlS lAj . 3j.W a (JUa ^ja jJa 

JUaII ^3 Aa^S (JjJaSVl (j_jSj ^IlAl A_jUV^ cJ A - £a ^ Jal Uls 4 A A_jUVi 

.UlUaJ (JjJaSVl A-jUV^ ( - 5^ £ - r (^ US] j 4 3j.W a \\ 


^jl^)i]l U! .Ail3^)ll A_i^.jj ojlxj ^a ^ijS]l UAl a1\j\ (j^Sj 41 ^Saj 

jIAVaII jljl! Aj.w'^i jl 4 V jl jnu’A 0 +^ 

, Jl * 

A_jUV^ 0 J.Wa A-Uia AajUa (JjUua ^jsixa cDU. ^_ja oAUj! ^jlxj AjIs 

- ^ j # 

JjSj Ujjuj ^jilj^liASI ClljlS lAj Ui3 ^jl o 3A 1, nU 4_i^j . Ig X 

A_jUV 1 US 1 Aj 4<Ai]j (j^3 j 4(_^^)S.^^ AjjUaII i^yA cJSjAj A_jUV^ ^gij 

aJUa 1 jl^ ^j^jUlIa]! ^jj^)j)^kAli ^jjlAj)A*\ll aJUa aJU. ^3 A_^-i^j-£a]l 

•(y^«vi iU i - i j*j 
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4 4 4 

'jW 

^j Luila :52~7 jSJJi 

Aj^. jJ jlc.j a I ^±£L] t a\l AjjLlj Aj jLaila]l 4 \j^-v \1 (JlilA cj^.1 j-a 

jj£j (jl ^*4jj tiilli £a .90 J 0 JJ ±45 tj-a alliJI (JLa_a QliU-i 

I . ^)^^-a]l Ajjlju Aj jLaala]! A \ja~v \1 ^ja I ' ^)j£! CllV ja^. Jj* > jaLU (JjLaa ^ic- 

^jjol^a^. tNx^Ny 1 Aii^-all AjjUlj aS^a^JI ^a 4(JIja]I tj^faa ^Ac- tljAlla 

15 ^.vP pi _ jjj*,M 1 j PlPaxjII <jl l&Ajc- ^jjal^]l <N X =1.1 Ny A_pill ^jl qqVi 

J*J (_ja 5 AAAj A j\*a1 A jq jia A_p9j-sa L-jLol^J ^,^'i A 'i J‘a \\ 4_i^,j^]l oPc-V A£9 I^a]I 
1 Tn^P pl£ cJ^p A-ojLui^. i“u*nl 4 u : pll Apj!ill SaIcJ <jl cilli . Clilals^)]! ClAALpI 

SaIcJ (_ja Ia p fl^sJ ^j-o Aj V clA^A j .AaIc. (Jja^j Jaj^p (.“ 1 Vi aJ!jaI fl^)V <_ja 

. ciAila^I] Ajj^^jaII p^joll 

V .Ip. Ijjj£ A-pUl A -px-Vl c-llijl ^ CjIjLa^JI AAC- 

C-I^V l.'nlc. cljlp 36 iaia ip ipA] .SaV j Aida aJP Apjj SaIcJ 

ApjJ ^jAIcJ e-l^pl ^x/n t<ali^)]l pjUj Apia p-iix^a (_)V <ja . AJIHa iLa^. 36 

100 PlxAaij Ia^Aj ,^jjp3A pjj ^jaIcJ Jl AilxAaVlj Cjlala^l] jjVu'A 

* 

^ JjJpSI l^ c ' t cJ Jk-aV ^l A_ijlill A q^3-a 11 Ap.j!iS ^a.W'utn 36 ^] 

ciiljj^iuJ ^1^11 aa*JI 1a£a j 4^ jV I aPUI (J^.1 ^ja ILP Ulpj^.! 36 SI 

(Jj-aj IaAjC- .5-7 (JjA^JI Ia£ cl 72 Aiilij^)]! AjjIjj A jq^ia A_pix-a (J^-l (j-* 4 c_jIja^JI 
1 xja-n 1 £ \*\\ j cc_jLa^. Cliljjjp 3000 (j-o A3 l-ijj-S cpliJa 

^l^p 3244 S ^jL-haII AAxll ulj oAA L-jLol^JI djl^)j^)p A^.Ij .Ia^. A 3-a j a a) j 

% n * * * 

(JjlVi .Ip ^jas l-jjxa)1^ jAj JBM 360/65 ^ ©p! j ApA 

L_3^juj 1_^ (^5^ (jVI ^-Sj)g 1-A^I (j^A) (_5-^SI ‘Aliljljal^JI ^^4 I AA A piall A_pix-a]l A_jIHa 

JlllLj c^pjJa AA*JI lAA . L-jUai*\ 5 n ^1'Wi cApia fl. cl^l (j- 0 . ^ A‘i 
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^UJSajIs .J^al 

» J ili jJ 



■Uajj jL-ii 
^ 4pH 


<_JA CjIbIB^) 10 (j -0 ^ A_^_ iij-a ^l*Wl 

f = > c 

(J^l <ja Jjjla (j-a_j J) y * -3 V ^lllljj cAj£J.Ij djUfc^'l aA& 


“ L-IjA^. ^Jc. Jja. 

RC 7 <ji i—iLutaJI Cj|jjjjj«u jjc> : 5 — 7 JjAaJI 


^A^l^Jjll ^Ax]l 

^ 1^11 JAxll 



t - '' Cjl jjjltul 

L-jlud^JI 

A_l^.jjll 

diLajjall 

36 

36 

0 

1 

172 

136 

2 x 2 x 25 

2 

708 

536 

2 x 2 x 125 

3 

3244 

2536 

2 x 2 x 625 

4 

# 

# 


# 

* 










2 x 2 x 5 n 

N 


aJjaIM (J^.1 O -0 1^-a' . W'u J (_j£aJ )Vf)\ 1 L^*^j Cy 0 ^ 

A j'^Jo ^jLix-a ^gJ] ^ I'Wi la lullc. .S^jjal Via 11 A j^iJ-all ^jUj-sali ^Ic. I^aIajAI ^)lx*o^l ^^9 

^xj L_llLa]l ^ja A jq^J-ill ^)J^)^j Aic- (Jj 9 jl (Jiiill (j-a 

— ^.ll^ji ^j|^)Syi AJ\ J^.1 ^ja AjiLlaSI A_^_iix-£a]l ^)ialjj Jj IJlc- lijl la£ 

^j-a . ^Aj^jI^)^. (Jj-vxaMlj ^1*1 ia] 1 (jl^Vl ja^'nj A j^sj a aJ^a^. i Vi aJUVuJ 

^ic. AJafll ^ a! 1 (J^l ^ja S«^l ^11 A_a±la]l aJI^. ^9 £.^jui (j$\ (Jxal A^l^. V Ail ^jJai 

AjjIjj A_iiLUI A ^.jq^ll ^x nj ^Ic- j'^-^1 A ^jq^H ^lalllll 

A jqQo A_^_iix-a lil*-3 UJ^ uf^ l^I£ (Jjll jIaIa ^jlljl j tgJ (jj^J (jl 

A-5S\j A_iifUl ^cjUxaJI .lie. V] Ic- JJ^l A jLjc-Ij V .(4Slflj]| Ajjl^j 

(jjii j la^J <j j£j jjl c jjl^.jUJI ^Ic. ^.x/n i >>“ iU^ cLl^Ij J^.1 ^ja . cjISISjII 

^jl jaVI *>. liv (. 1 l>j la^ AjjI j [j\ (J^9 j Aik.jjj (jl AjI^UI AAflalS (j^AJ 1 a nj cAjjl^ll 

AllkuJ — (_j-aa jljaVI a^I£a! . ^s-lw 'il — (Jj 3 ^jlj j^/j (_>^^~ aJII^ * ^ 
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tdilijJa (j-o . Cjlalajl! 4 jj1Aj ^jjIju jl 4 Jo 11 ^jlaj-all ^ 

^jjj^lla]! ^Ic. u' 4 0 l.g.x^'l Ajjl^l l-Gg 1 QJ$£ (j! QnrtjUJ (jj'V^Joll ^Ac. 

# > f 

4^_lll 4_iiLJa 4_^_i9j-£a LiLta) ^JaljdJ! ^j^'i (_J^.I (j-Q P Ajjl^ll 1 Ag.l <j^£j (jl ^jj n\^l Jill 

0 Ajjl^ll ^gJc. nj iiiUi ^gJc. 6 j^-c- .^4 £LuJ1 4jjIxalLq jjc- ClAiLL £a ClAslSj 4 I_lAj 

* e & f "* s 

^3 LgLgIaI ^jj£I (j_j£j 33 . ^j-a3 — 4JUaJjuil 4 % nVi (_J^I d>^ — P (_£ L^ 

* 

. ^a3~<lUaJj>. J O'JVI ^3 lj-aL<uAl (j-o A j^Poll 4_^_iix^all ^)JaljJ 

lW d>« t [ 1 5 7] OPLAM 0-olj jj ja jLuc-Vi ^-jjJaj-« Jlill 0-4j 

(j-G 4_ijjlx_Aj (Hadcock) <^1 (_J^3 (_j-g ^c-gU^II ^J^Laj ^aJ .4 j'q jJoll 4^_iix-aJI <ILqI 

Ja^3 dllsls^ll djlj lajLuj S^)^£.1 a 1I 4 j'q Poll 4_^_iix-£al] 1.1^. (Jj£jolPI (J^l 


iLbaij 3 ^.jj ttdli ^ • [0^ / 90^ /+ 45^] c$l ^90° 4+45° 4O 0 Ujjll 

4_1jLg!1g <Jjoi 4A1j13^j 4 j'q \h A •s. \k>.si tJ^.1 (j-Q ^A UgC- Cjl3l3^]l oIa ^j-o A ql'K a 

Cjlsli^ll 3I3C-1 ij}\ cL ? M, N ^3 ^^A Lg jA ^OAj-alPI (Jlj^oi u] • <_5-^I-4 a1I 

y 

CjISISjII £& (jl ^x/n ? C5 -II jail ^gic. i90 4+45 ‘0 Ulj^ll J^S J 4-g-^J-dt 
l^A ^JLxJ V . (_J-a3 — AJIJo'uaiI <j| J3V1 C > iK'l ^aJJ ^1 j^)\ <_jajJo +45 Ajjl^J^ 

4 J^Poll A 'NJQa^oII 4_jt±A ^aJJ . (JjalxJI 3 L_lis jl CIjLqIc.3 (_^1 0-«lj^)j]l 


^^3 ClaV j>a^kl <931^-0 iaj^)jai l" 1 Vi (^Xsai-Hill) (JjA - (_^L xxj ^)l_ix-o ^al. W'uaiIj 

f # > 

(_^1 ^1 aai^ ^aJJ V .^LoiC. <1U. (J^.1 (j-G 1 ^)A^o^k (JjlV^ll 4." iryi i Jo 9 3 ^jOjolaJI 

■* 

^jl ^3 0 aIj^]1 11a 4. 9x*OJ ^j-G 4. 11 (3^^ . j'j^' 4^1 j 1^^^J ^1 jl ^’Ixjjl 4^jV 

(Jj 4<sl3^) (_J^ 1 g 93 j ^ a-o^^ <J^ 1 3 ^^ ^1-o1aV1 <-3 V JoIaiJIaII ^a ]aa/i ^11 ^.Lja3 

<a-iix-aJl c^I^IjaI tJ^.1 (ja o J.W aII U jjll 4^11 4^131513^1 oIa ^j-g ^ <3^)xaj 

, 4 ^11-t.^ll 4 1 ji^^v 11 4_a 3^1-11 ‘ ; J ^1' <J9_lJaJl 

L^-a1 ■ W'IaajI ^3j^j A Jo A ^j9a^o 4_i*lill <3 ^)x-g ojlc. ^)aV 1 I'Wj 

# !* Jl 

(_^l ^jc- 1^. 4 ql'K a Lg 4_n j 3^1 (l)- 0 4 j1 ? 1aV 1 4 J9 Poll 4 .^jqx^oll 4^1ijl£ llj .Lg 4JJJL 4_nj ^3 
c.l^)^j l_A3jc. I nlc. ^x/n^ 4l^_i3 4_ixlill til^Luj ^jc. 4J13 Lg^1xa 4 3; Jo A ^j9a^o 

Jc- C_9^)xj <1 jIc. (j-G 1 Jj-ajc. 4 3; Jo 11 4 ^kJ^A^oll djjl^ llj 4<^111 ^-G 4_lxj 4^jljlilkl 

^~1'W^ V 33 l_AAlx3 4 L^_i3 4_ixlill til ^J aaj (jC- o^)JxJJ-all 4J1 jLg^1x_a1I \xa (JsV! 
4 JULgI! cJ-ifuj ^Jc- . jliic-VI 3 j3 o3j 3^ 4 j'q^Jo 4^-iix-a J^l ^j-G 4 _ixj 0jtlj ^C- 
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A j'q O-ill ^jLaj-sa]! A_Ij1_C. ^3 ^ \x'\W ^jC- CIjLg^Lca Lii.l] Ail 

l .a gj -d ft' ( jjjjjLoiA Nj M uj^ L=1 1 j L— 7 < 2 t [0 L / 90^ /± 45^] 

£-o A )4^3-a \\ ^jLaj-all til ^I uj (jl S^ Ct * ^ jl^V 1 A j‘4j>J-aM 1 VW^x*-! 

j‘4j>J-i\ 1 <jl Ajlgull ^3 ^Ja lij l-AAic. .L— 1 1 A_1L^. ^3 aJ LqLqj (JjLa-q 1=1 

L_uu ciiljliiAl Lo juj tj$\ $\ ^jlj jl j <jl tL— 9 (3^^ Ajfl^Vl 

CljLo^l*-<01 ^AiLjjI ^Ac. Ail ccd]j ^ A,J . (J^A-LaVl LS^” ^ ^AIiajujI 

till A ^jc. 1.1^. IqV^.Q L— 7 A j<i O-ill A til ^I xjj (jl£ £-q .ULkb S^)3 j!1a11 

caJ^Aa ^jjliAiLall tjj ^^ks-xW 3' j 6 L = 1 1 4 3 O-i 11 A_^Aj-£ail 3 ^^-^ 

.L— 9 aal Ul 3L ^Ax^-ill (jrf-iVi ijm ^Tl*\ ‘i ^juj U,Vi»°l 

c > \x'\W <" tl jA-i» >a l,g <aft (jc. IAI£ A_ai±k-o L 1 ^aA J^.1 (j-a AjuAj ^Inu^l (Jx-a^J 

.a^SjAOl 


5 AjSJait 4,-yjS.u^l afLuta ^aoAlLa 3-7.7 

Uj'jL L£ (Invariant) s ac-Lui^Jl ^jaILq 3^-gj 

$*l^ CjUIx-g ^il a^L2* ali£ [17-7 j 1 6—7] (Pagano) >A£Ijj (Tsai) 

.aiA s»U*i>11 CjLa1*-o jjAu tAjqftll dil^^jjll ciilA a 3;3-» 11 ^jUx«-i'1 

•3. 3. 7. 7 a2-*Jj 1.3. 7. 7 3-° < *-^^iL&]l 1^V1 -a*iLuj1j ^oaIL< 01 A_Ai3LiA 


AjIjISjII ajj*l£U) a^luiaJi CjLiius 1-3 -7- 7 


a^jAu-a^Ul o^AlIaII S^LuoJll CIjLaLca jjJa^A (JlAjj 2.7 S^)A11 ^3 ^aJ 

L-iijjj SjIc-I J j .^LuOl ^IaLq j ^IaOI a_i2!Aj CjIsIs^ 


3^ x*jjjj .1^. SaAa [17-7 j 16 - 7] ^IaIjj (_^Lujj 3 d ni'vll (JjjVtll 
AC-Lxjjj 3 c^jLixll S^AUa <3ls J! ac-Lui^. CIjLaLcaI a^AtlLa^Ul djljj^^all axJ ^ u^i t t^aU. 

> « ji 

aAujjjj ^jjc- a jLo CjIaL^jI J] (Jj^all Ac- C!jL< 0*-<01 a^A A 

. A 3)3-i 11 A_^_iix-a]l (J^.1 3 -0 aAjjLujI 


C“ -7 


CjI-aIx-q ^jc- A-Ollill Ajc-^)i]l djl^jAll ^ A_iC. jill a^jAll a 


^ ^ 0JL 
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.[17“7 J 16-7] ^JA A ^3 Sc-Lud^JI 

* A 

<jU£ .4*6 CjI^Lojojj Clil^k-jj dll 3 ^aUaII dililij { ja AjqjJn'l 4_^_iij-a]l 

I £ AjJ\_ijC.VI AAj^IoIIj X~y (_£ jJjuia]I ^^3 oc-Lui^JI djLciIx-a 

(A t ,B rl ,Dj)= |e s ( l,z,z 2 )dz (7.27) 

yj Q ^J3 .(_5 j=>J Jj Alik ^ JJ*S lgj£]j tAlila j£ yJ 4 jjIj Q^ ilua. 

iJliLoll Jjfu ^ic. . jq^'l (jljjLuj U 7 J Ug 1 “ ia 2-2 Jj-laJI 

(4 1 , J e n ,D 11 )= J[c/, + 7/ 2 cos2£ + 7/ 3 cos4£](l,z.z 2 )dz (7.28) 

c ji^j oALaII ^ja <C- j u*oa ^llall aJj^u djtflTjll ^ja-n LaAic- 

: ls Ac. c JaI£jSI Ui ? U2?U3 


Ul^u,Al ) — ^1 


f,o,— 

12 


+ U 2 Jcos2#(l,z.z 2 )c/z 


+ C/ 3 Jcos46 l (l,z.z 2 )c/z 


(7.29) 


(J-ol ^*JI .o^Lai^JI d iIaWa ^ja-^ 6-7 ^3 Abigail ^ ^ 

: lA ^ Vi(A,B,D) 




0 (yi,B,£>) 


t,0,— 

12 


(7.30) 


F 


l(/l „B,.D) 




2(A,B,D) 


K 


3(A,B,D ) 


|cos26 , (l,z.z 2 )<7z 
|sin26 , (l,z.z 2 )<iz 
= Jcos46 , (l ,z.z 2 )dz 


V, 


4 (a,b,d)= {sin 4^(l ,z.z 2 )dz 

^JaLxa]! ^3 dl^L<il£!i]l jAiu c^.LiJaa]l ^3 \,g \ J*ll \C- A-u aj! Via <a±la (j£ <jl Laj 

I-Lajoijl ^IaL^-a (j£d ( 7 . 30 ) 
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(7.31) 


n, = ixfc„-z t ) 


k = 1 


r m 

v, D 




) 

) 


(j c.'j AJI j£ <uLJa!l A.vj^i^all afLuoJ! CjLsJjuj :6~7 Jj-laJI 


([ 17 - 7 ] Pagano jjlcLjTsai ^tuu 


V4(A,B,D) 

V 3 (A,B,D) 

V7(a,b,d) 

V 1(A,B,D) 

Vo(a,b,d) 

SpLol^Jl d ll a\xa 

0 

u 3 

0 

u 2 

U) 

(An,Bii,Dii) 

0 

u 3 

0 

-u 2 

Ui 

(A 22 ,B 22 ,D 22 ) 

0 

-u 3 

0 

0 

u 4 

(Ai 2 ,Bl2,Di 2 ) 

0 

-u 3 

0 

0 

u 5 

(A66,B66,D66) 

-2U 3 

0 

-U 2 

0 

0 

2(Ai6,Bl6,Di 6 ) 

2U 3 

0 

-u 2 

0 

0 

2(A 2 6,B 2 6 5 D 2 6) 


: j tCjlkilall .lie. ^gA N LaiiJ t8 _ 4 JSjuoJI ^3 Zj t 
cos 2$, / = 1 

K' 

sin 20 i = 2 

K' 

cos 4 6, i = 3 

sin 4 0 i = 4 

x 11 ^j-«a k 4 -jj^a 11 djl^ ola^ll ^a 1 — aL^jVl 4-k.jj 0k 

N djl j 4_iiLla <^_iaj-£3 i}^\ 6-7 (Jj.1^11 ^3 0.^1 ^11 o^LuoJI d ll a\xa ^Ax-aj .A jQ ^11 

djtala^)H 4_c.^iLa AliiaLiJ^) SjLa djl^k.jj d_llj Sdr^j SjLa] AAlla 

.4_iiLla]l A ^ ^)jL^-a ^J! <Jjou]Ij AjjLaII 

(J S^LoOfc d l^W-a 6“7 Jj^JI 6£.Lui2kJ! CIjI-aIx-Q d U^ljl 

0k J) 4_ixd]lj dulj 4 A -\.\kj.s-iW ^k X 11 ,jl tillj ^jxj .2-2 

^>4C- S^LuiaJI d l^W-a ji-oJ cciilA £-a .4iila^) 
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^Jc. .(29-7) aJ^I*-aSI ^ 0 j (0—0) JI^U (_$l tO ajjI^j ajSLUI a 

cJHaII (JjUuj 

An =U x t + U 2 j cos2(0 -</>)dz + U i j"cos4 {0-<f)dz (7.33) 

:jj£i jilijl j £■ jLl (Trigonometric) A2iL.ll <LUalall lilli 4 xj 

cos(a - p) = cosor cos j3 + sina sin /? (7.34) 

* > 

z jc. -lilliS (Trigonometric) aSIUJI c(J> AiWiU lijjaia 

zt j j =U x t + U 2 V lA cos 2^ + C/ 2 F 2j4 sin 20 + t/ 3 F 3 ^ cos 40 + t/ 3 F 4yl sin 40 

(7.35) 

; 

,z4 y 0^4 x!1a 1I AJLLaJtfl SgAxxl^ l** ll a\x.a ^Jaau .(7.31) A_]^lx-<lSI ^9 Vj^ <■■’* U'S 

B j 6 jJtloll aJUvuJ — g.1 Wil Sg.lxjj'N c’ iIaS*,a ,7 - 7 J j.i^JI 

(Jl frl n*UxA-J 7“7 ^gi l-A^ tA_uiij (J^xxlll Dy O^aIaSI Og-Lxxi^ CIiLaIaaj 

_ > 
tAy o - 0 ciila^lc. ^j] . JIjjSI ^glc. ViDj Vig V i a — M 

^gi ^^IIaSI ^LaLq jjc. Qy — SI aJL^. a K x^S J^jIIaa 7 - 7 J j*^JI Djj tBjj 

^jj^LLo]! ^jc. ASaLjaj Ualij ^j^x^o'n jjjL^ Ajj^^JI o^aSI Ajlgj <^SliA .2— 2 

.& JJflLlA^yUI 


Pagano jJl fcbj Tsai ^luu-J ISSj) Ay -J :7-7 Jj^l 

([17-7] 


sin40 

cos40 

sin20 

cos20 

tliiUi 

A-SUVuxjVI Qg-lxxi-S ll aSaa 

6_JjJl1a]I 

U3V4A 

U3V3A 

U 2 V 2 a 

U2V1A 

UjVoa 

An 

U3V4A 

U3V3A 

-U2V2A 

-U2V1A 

UjVoa 

A 22 

-U3V4A 

-U3V3A 

0 

0 

U4V0A 

A 12 

-U3V4A 

-U3V3A 

0 

0 

U5V0A 

A 66 

-2 U3V3A 

2U 3 V 4 a 

-U2V1A 

U2V2A 

0 

2^4 16 

2 U3V3A 

-2U 3 V4a 

-U2V1A 

U2V2A 

0 

2^4 26 
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S Sf LuyW AjIaIsla J^S A^alk £uHS 2. 3-7. 7 

«• * 


£JaU-g11 ^_3 ^3 oAC-LoiaII (j-Q Aj-al_k A_iiLla ^cjl k*.s-i oAC- ^j-sakaj 

: IjjA] AjI dlLijJaU^ll (j-G ^)^Aj .(7.31) ^aIx-gII i(A,B,D) 
J (odd function)dz = 0 j" ( even function)dz = finite (7.36) 


oL^jlj A^^^aII (_£ I) aAsjIb^II A A (_£j!1uia £-g oA-gL*11a]I AjjIa^V^ z d 

tZ I Sa^)Lg Cj^Ma (1) CjIbIb^j A* il g •n jAj AjiLla ^jlaj-a jm,i c_Sjjuj . (a^LgjoAI 

AAlac.1 »Aia1 Aj^Luia (4)^$ 4 Z ^ AjjI^AiC. AIjV^A (3)^$ tZ 1 A_^,jA^a AjV^A (2)^ 


oaa a_LgI 53-7 .a£LgjuJ1 ajjLaLg aaLLlUI aac. N Ain, 


7T 


77 


.A_ALla]l ^cjUx^ali 


(J£joAI La£ Z 1 dA^Lg AAV^A 0^ i** n*\ AAlilij AAl^kjj ^j-g 

aa1_AaI£A 11 (jjkj oti (jilljl-G ^jjjbIbj aaIa aV^Jo A_^nL-a ^j-G 1 53— 7 

:Sa jLg (7.30) aJaU-JI K ha,b,d)^ aJIjB (Integrands) 
cos p6(z) sin pd(\,z 2 ) 

s > > 

:aA^.jJ Anllnll 1 ^ JaIIaII ^ ^ 


cos pd(l,z 2 ) 


sin p6(z ) 


^ 3 .4 jl 2 p cl 


F = F =F =F =F =F =0 

'2/1 '4/1 ' IB ' 3B ' 2D r AD u 


(7.37) 
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-7] Pagano jjIcIjj Tsai j;l u<j £&) <Ua]| jjliuaii ^ :53— 7 jSASi 


([17 


: AjjLuu) AalUH 6-7 ^ sfbutaJl CjLaIx^ jj£j llaj 

<6 = ^26 = -®n = ^22 = -®12 = ^66 = ^16 = ^26 = ^ (7.38) 

cIsLaIx-q UJ cdL gA WiVl j <11 j-»uaVl S»U*i> CljL<ilx-a I^J LulI 

•(B26 J Bi6 c 5 ^^) ^ UjjjI ^g.9 <]l,3*iu J~g.l, Wil ac-Loi^. 

La£ ^JaLlLaj Z 1 CllVl^ 0]^ n«\ (j-Q C^aJ 

<jj£j tCjlilij CIlAj dili <j-a l_j 53 — 7 (J£juaS 

:*oj <(7.30) aJ^IxaSI <V i(A,B,o 


cos pO{z) sin p0(z) 

* * 

AJllill l.gjlc- cjSLoI£j31 (Jj£j 1 a \\) 

cospd(l,z 2 ) smp6{\,z 2 ) 

*~y ' [ y F . ^ V-. 


F = F = F = F =0 

MB *2B *3B r 4 B u 


(7.39) 
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. 6-7 ^9 By ^UaJl- 4 JUaLjil jljaVI a^Loi^. *.” il ^ bl q)Vi taa j 

.^UaJI aJjLaIa V S^IaI a^bI^aII c^Hj Dijj Ajj D£.Lud2kJI l*‘ iIa\»A (_£j ViJj 

* * 

4 ^ 53-7 lS^jaII ^ Ia£ tz 1 ajjIjjac. yiji ciilalijll AJkjj ^jl£ lij 

I 1 g ».ja*s ^IlxJ L_fl jjujj oJ^AaII Vi(AB D) _JI fjtt '^jlSJI .LL yA Vj 

cos /><9 
sin p6 


Vi = - f^V^O = - f 1 ( 2 \ C0% p6 \ (l ,z,z 2 )dzd0 
n y% ‘ -rr J-V, J-'/, dn n/5 V ’ 


n J 7i 


(7.40) 


■ (. . jjj^jj . «La. _5~3^ p cl 


Vi = — 

TC */2 


r >2 j ^2 

J-'/ J-*/ 


cos /?6* 
sin p6 


dd(\,z,z 2 )dz (7.41) 


V] * 1 V Ajls i Aj^Laa Vj(ABD) ^ ^49 ^ )<q*s 1 a. Vic- . ^j£x-al] ^^jLaaII 

y * * 

A A^-iix-all ccd]j ® .o^La^JI cIjIaIxa d_i\ jl^c. AiLliill j 

:<#l M ajV bu. ^UaI! a£U 1 a 

= ^22 = ^7 ^12 = VJ d A 66 = U 5 t A 16 = A 26 = 0 


B y=° 


A u t 

D..=-*~ 

9 12 


(7.42) 


lg_jla 41 jj^)£Ia ^UaSI aLUIa A A^-iSj-sall <jl ^ja . Al 1 - Ai2~ 2A66 c“ n^. 

L- j 1 «, 3 -i<i‘iA ^** IJ 4 ^ 1 A q J-» ^ja A-uijl Via ^iC. V 

.^UaSI aJjIaia SjLaII qj£ ^9 Ajc. C. <a\**vyj ^)aLaa 


IjIj^ (N>2) a£Iaju31 AjjLoua AJLla N 2 ja c_alljj A j'q A^-iix-a <3^1 qa 


K 


53 — 7 j ^ 53-7 (jjKdrill ^3 Ia£ 4 — ^ja c il qc .1 ^iaxJI l,g \ ^jc. a a ^. ji 


N 


Vu = 


2 jz An 

cos — + cos — + • • • + cos 2 n 
N N 


* S LijLuw Via Cy* ^ 41 ] 

t 

N 


(7.43) 
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: Ijj-ii <j^j 


cos x + cos 2 x H b cos nx = 


sin 

r 

n + — 

X 


2 _ 

1 


2 sin : 


(7.44) 


r 3A = 


2 71 . 4 7T 

sin b sin 1 b sin 2 k 

N N 


2 n 

N 

t 

N 


: Ljj .2 . x — ^ ^ jLujj 

(7.45) 


sin x + sin 2 x H b sin «x = 


. 1 + « . « 

sin x sin — x 

2 2 

. x 
sin — 


(7.46) 


. e ^ ^ 2 tt f # ^ 

^ OjLixll V2A = 0 (ji A^jLaa . X = (J^.1 (j- 0 ^ J*»»j i^Aj 


N 


4 n 


1 -aj .V 4 \ — 0 L±j.i] 4 x — — (3^-i o -0 (7.44) aS^I*-a]I 

> 

£a .( 7 . 42 ) aIjIjlaSIj ^ 3 -ijm j ^UaII 4_SjLa1a Aij Si ^ u^ii cAajJxa S^JlIaSI 

Jl 

aIjUI o^a ^ 4 jq^Si V JtllLjj i^L-sall ^ jLaj V B)j Si ^43 ttillj 

; 

AAjI*J1 oAA i” l.h'i .(3.4 ^)iajl) ^UaII aIjIaIa Aiia (Jj c^^-^IIaSI <LLa!1a 

40/+TI/3] l 3 *' 4 jqJ-ili 4 _llj Cy* A_ja±)ali ^ja 

By — S ^.UaII aLLaIa Lajs 1 c^W'^aj .^cJj ^[tu /2/tt/4/0 /-tt/4] 

•Dijj 

W)a ^JajoiSI A^Laa (JaI£j ^3 4 Ag Jl A n \W 

Iji jj^ ^ Sa (J\ iO= 2 n Jj 0=0 L ) -0 uOj*^i 4 -}jl^j o^iiliAll 6 *La=JI 

: 4 4 -v y^\S Ia^. 1 j 
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An — 

J, Ay d(j) 


An 

COS p(j) 

I 

sin p(f> 


d(j> 


( 7 . 47 ) 

( 7 . 48 ) 


aJaIxaS' ^9 Iaa^j Jaia ALliiS' a jA^J' ^aLou c^ISajj tl 'aac. p IaAjc. ^jAxa 

aJjLua Aij S' ^-i9 (JaI£jIS AJalxijOAl' ^j&SI .Cj)(jc. A U‘uxa Aj AjC. ^pl' (7.33) 

(J£jaJ A_iiLla ^jlAA-a (J^-' (^ya \.gj\c- ^Ii3' c(7.42) AJaIxaS' ^^9 ^_^.L1a3' 

^9 ^ j'Wi . A_S1 JVujjVI JaAJ J^9 j ^.UaII aJjLaLq Ajja A_}iLla ^jlix-a (j-^J C^j'^jaC- 

Ui -1 U 4 J 3.7.2 aSU* 3I ^ l£* U£]j *Ui,U 2 ,U 5 Ay —S' 

Ajj^Aj a'j^aISj ^UaS' Ajj^Ij A_iA±SaSi ^cjUx^alS ^jlxjjl j9 U 5 J Uj (j' A Ia^Aj •U 5 J 
AJ'A ^jC- ^SaiS' jiaiu ^4„ S' (JaI£j CIjIjj (j' c^ISa ^ \x,\ . ^_^.LiaS' 

A_^.Laaj ^jl.qSx’n 4 U 5 J Ul L^' cAji^laS' A ^jqx^iSS ^jjIijIj ^Uxil)9 A^^. j (_£AjJ dilali^' 

^JajudS' A^Laa <j' (jLuj <_j£aj 6 (JjIaa cJIxIjj .O aJVAj ^4 S' ^ Wia ^JajudS' 

(JjB'^aS' ^JajoiS' A_^.Laa Lij) t^Ax-alS AjjLaa O A_I V Aj jB ■■ S' ^,W‘ia ^3' 

.AjSIjI' A_ij^^J' o^iS' 0 jIjjS' oaa ^A^iluoj l-s^a . AjjIj O aJVaj £). S' ^ WaS 

ijk AjjaJalt 4 3 jjil^Ut Sf cjIAxa 4 3. 3. 7. 7 

U 5 J Uj ^jj^ijxjjjS' jjj'aLJ' j' jLijj aJLLaS' a_lj^^J' S^iLaS' ^9 

^jjAA <J'^!ik' ^ajj .AjiLlaS' A^_iix-aIS AjJ-axxi^S' oc-La^J' i** iIaSxaS ^IajaLa' (j'_jjAjpa 

^j-saaS'j AJl JVhxiV' ^gjg .1 ja-n ^3' ^UaS' aJjIaia a' ^aS' aSU. ^9 aLoS' 

^j'jJlL^LSI (J'j'aaaS' ^^c-Aj J jjIc-Lj (_£Laj ttilSAi liflj «U 5 = Q 66 J Ul = Qll 

^gic. C^UaS' Ajj^ylj (_>^S' D^Lud^J ^UaS' ASjLaIa D^La^SLi U 5 J Ul 

o-U n ^li4! ^iEL^ jiij^ir 1 jiiU J [17— 7 j 16-7] J ! >11 

J1 s 

^jAajl oAA Aj^)Iaa .Aj£^)aS' A_iAilaS' <lx.si\\ ^^9 Aj^xjasV' S^Lud^J' o^)AAaS 
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j! ^Al AiLjaVl-J t^_^.l_±A]l aAjLaAa ^gajU^v ^. ) S^joiIaa aAjIaAa 

^a!1 aAL^. a_1a l.^jq^i ^)A£1 <j^)lL<ill ^jLi*-a ^jl ^jJal^ll AAiijijG a j‘4j>3-> 

^^.Lia]! aJjLaIa S^LuoJI ^j-o Vaj tU5 j Ui j^a Ijj^j ajV c^^IIaII aLUIa 

iu*i j Aij-galA Ia.i^^ Ui ^3 ^Ac- AjjliAl! ^3 ^j\, 1 (j^SLj V .E _jl Uj <i jlLJI 
.Aj£ jll! a jaB ^ U 5 — s Sic. Aj^V^i ^jSU jjfc 31 


AAjIaAa D£.lx*l2kAI CjLaIxA D^C-LuOAJ lg,AjAx^l*1 jl A j‘4j>3-> A *\ AAAaI J^AJ 

I Aj .Aij=Qijt t »” ^) j)*\a!1 AjJU. 1 djliiia ^ja A_i]j^A A A_a_iix-a £a l^jj . ^^_^.L1 a]1 

> > 

Aij _] ^Aill ^-Laxj Ia.Vi»,°I t 0 (jc. qsixa di^jiu 

Iaj A_jjl^j £_a A_ilxall ^4^- A-aj 3 ^)j*‘n .6-7 l) j. 1^A1 Clila^lc. AJnJ jj 

^Ac. .^.IIaII a_L1_a1a *>" vWj ttiE £a .7-7 (Jj.i^At £a Jjfcj 

^jjj^j (J^J ^ja ®£-a y4^ 6 j 54-7 om. c (JUIaII 

£ * * * 

A A Jail A_a-iix-a]l (_ja A-SsI^a^I U^ *(3-2 J ^^3 ^ 3-ix,'^ 

ClAA Aial ^ a! 1 0jtllll "( 3 c^^-^liAll aJjLaIaII j jj^a'I AjjL^J 

djL^LudA <jl ^jJal <_ja .^AjIa ciAA (jjjAiLla a_A1 x^'ia dAiilii^) 

.ajj1_ 1u ua 54 - 7 J^Al cIjIjWiaII ja-n ^^iajoAl 


^a ]VE =: 1 ^.a a_A1 a^AaII cAslsjll dAA a jq ij-ali A_a_iix-all \,\x a-n lAj 

Ajq^j-ili A,*\jqj>^all jli tLgjA^j A^IajoAI j 45 = 0t aJjIaII CIjIA A jq^A-iH A 

aAjIaAa Ajjoi A A_a_iix-all aAU. oAa^ aAI Aa'u^i Joa'i ^^3 ^^.11a]I aAjIaAa A_A^.lill 
^-a Aa*\V .(45 i AjjLoia A^.ja]l ^3 ^_a cdjLa^la ^ja AiljpAl ^UaII 

Ia^jIs fcJjjjAl ^jc. jiaili ^-A^aj (jtiLlj y4 66 j A n c) Cy* ^ ^ 


aAjLaAa SjIaII l‘n*.^Lk l^_j AaJJ^jJ 1 AAj^)la]lj Qs-i* Ai 1 Ag \ £-a ^j\\^\x"\a 


• Gj E A qjq^k ^Ua]! 
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jJIC'Ijj Tsai ij Luu (jc) AJSuJa A^aLuaJ afLuta, cjLaiua : 54 — 7 JS*i2l 


([17-7] Pagano 


[16-7] L^ajl Sc-Lul^JI ^Lujj 

:U^j( L5 Jc 

U X =~E U 5 =G (7.49) 

j j J^±A AjjTIj <_l£ ^ (J^.1 j-o LjjJj 

:4jl jjjl— dual jill j 

is I £,+ ^ 2 (7 - 50) 

G = -£, + -£, 

8 1 4 2 


(JA .4 \*\ a ^iC- ^9 Ic-jjJa^A Ej Aaj 9 LS^ ^ UJ^ tl-^Aj 
C )\, n^)3dll oAA aJjaaII A,J-ix*ij4a]1 x^ts.11 ^3 E 2 A-^ (jl ^ 

.A-LxijudJ CjIjLji^ A-Lajoil^J 1 $ja (j^AJ 1 -a^ 6 6_j ; ij£ A^_j.lS A 


3.7.7 Jjluo-aJl j-4^a 

^jl jj^ll *1 j^j Aic. jj*ja V ja A n +A 22 +A 12 J 1.3. 7.7 

v4 u + A 22 ~^~ 2^4j 2 = ^4 1 1 +^22 2^4 12 4jI ^ ; z j j^ a ' I 
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11a j .Ou'jJ^I lP 

. Q u +022 ~*~ ^Q\2 ® S» L *> >\ 1 jl^Laj 

(jl JJ^JI J) ‘‘UjouIIj jj*j-oV jA A 66 —A 12 jI^aII (jl (jJj 

Uj^] (_^1 tz jj^aII 

^66 _ ^12 = <6 — <2 

S^ULiA^Ul <] ^KaII ■^Lui^Jl ^jl^Loj ^.VIaII 11a -Laj^jj <£)lc. <^ill£ .1^. 

•066 — 012 


2.3. 7.7 


<11 3*11 A All ~ g. \, Wll S^.LuoJ ^^JjillA^yUl ^jjjl.Vq^ll ^^Ilxua .1^. 

5 66 ~ B \2 j B \\ + B 22 + 2B n 


3.3. 7.7 


OS-Lal^J (jjj AJi^lc- .1^. 

a»l xaail 0 jjilla'iUI jjjliallj D ^ — D 12 J Z)j j + Z) , 2 + 2 Z)j 2 eliajVI 

.2Jlki^VI 6^lxU2fcJ J A3 j1La11 


4.3.7.7 


AjQjM 4.7.7 


liUjA . (JSVI ^^Ic. AjjI n <jajiall -- 1 " ■» J a ■ jL^jV AjiilsJllI (jj£j 

16-7] ^jlc.\jj ^Lujj lA^_jJa ^lll iA-iiLiall A^_iix-ail S^jxIIa^UI S^LuiaJI ^iALLq Vjl 

<1!LqV 1 CjUjlij Llilj ^^jlj .A-iiLlall A^-iix-all o^Lai^. l*’ iIa\*,a ^XoxIIuiaII j t[17 — 7j 

ajjI^^L IjAjjjll L^JLa* 1 juj 1 ^^^lll c [ 1 2 — 7] (Schmit) *»“ oja^ 1 g j Ia£c ajj^iJI 

£ya ^Lnll 11 a <jl .A_iiL±3a31 A^-iix-sall ^jaj>**i*i CIiLaLla jnatj (J^.1 (j- 0 ^)1^)3 IL^jl 

J^yiVil olLJl Ajjl£-d cAj£^a11 ul 1 ^jaj.**i‘i (J^l ^j-«a 1.1^. ^ uJ,ia CjUIIHI 

.» - - * 
Ajj^Ij 11 jJl V cjll ^ ^^-ja ^1 ^gij aja! ^IaII a^L^JI j Ajj-iij ciAi'3*iia 

.^llall 
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4_*_nlaj djV jA*\li 4 _*ja ^ja 4JIHa ^3 4Jtx3 4 )‘4j>J-i ^jlij-a «>ja ks~\\ ^lliLo <_ja£j 
^ \*,) . q/u^UJI (jjjlA ^JA !^\ 4Auullj Ja^Lo ^\Ak^li\ C*i]A (Jj3l^)J ^j) (jjAj l^lUUjl 

- 2 A f ^ 

.oIK^q <.** il (Jjj^floll 4_^. j ^Ac. ^Wi 1 g.^n^'i ^aJJ 4_iiL]a]l 4 ^j\ cillA 

tL-JjlJ-a.all JjjS A aa ksi a <_£ 1 t4j\jt3 ^C- SaIc- ^-^.LIaII AJjLsua a!^-° (j-Q 4.C- j u^iaII ^1} 

jLiic.1 q a .CjUI^jV' a^I ^ o^Lui^Jl j <jIi1a1I saLj^II ^ riy'i (j^-^ V ajV 

Aij^)IaJ ClllSlS^) I^JA A J<j jJ-1 4_^_ iix-a £.Laljl (_J^AJ cL^jIaL^jV J CIjV J)A^\\ L_balliA 

. Oallj L-JjujGa q\a\ (JaI-C. A^^. J £-A^ ^)j£l (J-^ J IaIaJ CjV JA'S.li oAA AjIHaJ l^J ^LAjoIJ 

* 

^ CjV^a^. ajIiIa! A-aIIx^ia djlsls^ ciAa a j‘4j>3-> a (JLaxjjujI <J15J cJ^f^ 

An,Ai2, D 12 ,Dh aJojJjj Mij Ni 4 _jGa JGj G n«s . (.2 j 1 (jA uU j jll ^jjaL^jVI 

4 4 4_laj^)jai ; D 22 J A 125 A 225 D 12 ^Jajail^j M 2 J N 2 4_jGaj 

■* * # 

^A] ^1'Wi A3 — (Jj3 ^ j^C»j (J^S (_£j 3 (jliaj n*\ — 1 AjWi .a^)laLiiA 

OC-Iajj^ CIjIaIxa] ^Ic. (Jj)fc^i^hli (j-Q AAjIa CIjIa A j'^Aa ^jLL-a 

* ^ * * * 

CIiI^iaa A^.jJ IaAjC. ^jax.^i"i (JaIjC- ^jljdC-1 4^1^. jAsu . (Jiiill j 

. ^jl yr^\ ^jJXJ 4 jQ^\i Qi^»\\ 4 _jII1a]I 

. A \') Ax A 11 4_^»iix-a]l ^JAx^ 1*1 (JA A3C-1 4 4_^-iix-a]l ^JAx^II ^jl 

J1 # 

4_^_iix-a]l A^Lajuj ^A 4 nxA 4 J^a^. (.** 1 Vi 4j'iAa a 4 ^ \k>.s-i ^ja Aj^-j ^jaa^Vi ^JLIa tilliA 
^2^. t4_ii^la]l 4^_iix-a]l ^jax^i*i ^jAjJajj . |oA.Ka 4 ViAxaII 4_^aix-a]l SaIa (j^4 I Aj 

AjA^j jl J 43l3^j C1 j1^^.jjj AAc. aUJ t4 3au*n 4 J^a^. (J^.1 ^ja 

4_1a 4_iGJa 4_^-iix-a 4J1_^. ^\a^\ Cjl^iiliA ^aJ3 AjA^j ^»,/n tlA^A j . ^SaIaII 

(^JLq GLjaa 4 4_^aix-a]l ^kjAx^ii ^jAjJajj cc^IIa ( ^£' oj^kc- .AjiAx.a 4 “\\kk^i a !\ ^3 

IaS ^(.Jl^jjV i~4-]jA*\H W \a Jijujl ^Jajoili 4^LudA^ 43Ua]l ^j-aL-aliAi j t4_jlllA]lj 4*a^ L^JI 

> 

^jjjls . 6 ^)Jjj-aJ (J^aj V (^All jaD 4 -ijL^. Jj 55-7 i}^\\ ^g-iAjJa J£jaJ Ig nil 

4jq^JaH 4 (JjaVi (Jj-sa^j (. 5 -^^ ^IjaI^^J ^j^aaII AA*J1 c*\1a^ 

. aJax^i^II CljGDaliA ^ja A ja-^a! Ia 4l-al^ 4_iiLla 4^-iix-a ^>Ia ^^3 jji jJ j 


ud^A .4 ^jLaj-sa]l ^jaa^V^ (JaLaj ^aLc. ^ajg ^a ^aJA3J S^ill oAA ^3 ^"ij^ 

^ja 4 4_^-iix-a]l 4_i3j£j 4 ^jax^M 4aL*J1 4jt_iila]l (J jIjj ^ijui 4jl 
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t ^uj j tAjtlcA!j co^Lai^Jl AJV-lJ 1 g. X !^AXa t^Aj-alA! L_s!.1a! 3.}' c> ^' 1 3^! 

> 

Cl! j 4_ALla A *\jqx^o AaIxA! Aj^jIL<A! jil . (J^CaS! (J^ Cn i L_lxlAl ^)aC- j 

^lAx-all! CllALla (3^^ (JI^VO L5^ — AA^a^. ^ClljW Aj!^ A 

^aC-j tAJlAall ^salx-aliAlj tAjll<A!j togA^i>l! AA V l.g X !^aa 4-ALila^ 4 (_£jCn]! 

3b!^-<A! £-Ca^! L>° 1BC-! A_ix_nla]i AAL^A! ^3 ^xLf^! *». AAV’aI! !Aa 3_9^ • ^—lxlAi 

AaIxA! A\U\! cAa ^cAlxj i id] A ( xa . AJaJ-uiJ ^ja^o* 1 C* ll A3-i A £a &Cj.X A_iLlLi ^lUx.d 

.4_ALid! 4_^dj-d! ^jaj>*V 1 ^Ac. 5 QaLAA 1 S^Ailli JU'^1 (Jd cj-° 



4jA Jd! A %j 4.>^11 JjaVi CjjIj^AI :55~7 j£dA! 


AsL-aal! 3^-B d^Ld! 3-° -dal 3^ A-iiLld! *L^dj-d! d^Lai AatjOd 

A'fi a A ^ WaI! cf'^ AALlii^ Ax jIA^aI! ^Alx d ^ld! ^^Aj ^AdLl^A!^ 

.4dal_k Aj^^a 3lLkl AA^a^. 3^ Ax Udj ^aj 1 <U«a3 1 £^Luj 56“ 7 (Jdd! ^^B (A 

* y 

^ 1 *aj AxjlAaA 3d d^-*^ ^ 56-7 J^d! ^3 B, C, D aj^AiI! ^Ad-d! ^Aaj 

> 

3^ L_£>dkV! Cy^A. • 3^* , V^ ^>d! (aA±uij ciVl-*d!j) clVdij! 

^ b j^lx .Alald! AAUall 3 *^a ^3 AjaAj 3A^d! Cl lj.1^. AX &AA d^-d! 

y a y * ; 

0 aA B ddd! A “sd^d! (JIa 1 . cd!^)^A! — AA^a^. ^ Ku (Jd (_£j!aAjV! 3}d! ^jjx n tidlA 

ay # 

JlCia C A^Jal! A^ix^ll 11! .jjSVI AiUJ! ^al x^i* a! ^xa ^aA-iC-V! ^^jIiIjV! 

•L5 A jV! Ails^)i] ic^. <jCai^-lA 3li^j AA^a^. IjCaj! 3 b! j* 1 £ '^1 J tljm a AiUa ^al au! 
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\\) A_jV 1.1i^. 1^-^ aJja^ Cli^j C A jqjJ-ill A_^_iix-£i]| (jj^J ^jl tl^Aj 

(j] .^J jVl Ij u*n Jjli^Vl aJ^a^. ^ja (Jfll <j^£j (jl (JjxjoqII aJ^a^. 

-OAj-ali]l ^9 .'ijqjM jA A )Q ^J-ill ^jLlx-sall ^ja A^Ii^aH ^l^Vl a.AA 

* 

4 till i 

.^JAj^alili ^^9 ^)j£l Aj^)^. (_)^1 O -0 Aj9LiJal A_x-£3^)9 


£a .1_^9^9 j Ajj^xaII ^^_ij A_*_iila AJ^LLoIIj 


oAA A-sILLa]! c^l^iuill Ljajl 



Ajj&Js A^iluol A 14*1^4 11 ljL£ ,jLwJ 1 : 56 — 7 JlwJt 



Aj^JaA A.'yiWalt JAuaD AJlJ jjjxj jj! :57~ 7 j£*iil 

^9 .liiJalill A_llj ^)jja,'i ^C. A jQ ^ 3-all A A qI^AaH til^luoll Jal_Ajl ^nae.'i <_j£aj 

t Aiiyi ^u^1_*-^1ia1 j ;AJL1a]I j 4 6g.l.j>jj^ll "o^jjIjaII cil ^Loill c_jjl^^. (Jaaaj .A jA ^ J-all A ^ j^^oll 
AjJ^^A AJ^A^. ^jljJC-l ^JC> oAA C^l^Lalll L_ljl^^. A_ui9liA lljjg] n (j^AJ . C > \X\W ^)AC-J 
(J ^Illl A IojaC jj£V1 aJja^H — 57 — 7 cJ^^ll Ia£ — Jaa9 Nx aJ^Jjoij 
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1 c AjjJalili <11^ ^Ic. SeLui^Jl .Lcuxj . ^aj^xll j ^Ac. 

^^jujLujI a^jju . i** \\ $\h\\ ^a*J <j«, nil ^-«a (S j^AIaII cjLsliT^ll il jj 

^)aC.j A^lJali (_)-aL-£ali-al L<al .<a£_a ^^Ajj .\u^Vnll <11 J (jl ^j-Q ^C.^)11 j 4 djl.Q A-all ^^Ac. 

oik 4_ijl_^. J) 4£jAadJuoj .CjISISjII 2-iC - j AijJalill a!\^ (ja ^Ic- ^jl Aa\» j 3 L_i*lill 

- > . 

. ^A jVI oli^ll JjlAkl <1 ^a^. ^jjaj ^jl c Clil ^J lIaII 


^ 2 * % 

»hl c_flljl&! (J^Vi <jLlLi A jl_2kjl ^9 <iiLAa]l <^-iix-a]l <1 Luia J 

4L_l*lill ^aC.j t<aUall ^gaU^^l j 4*ec.Lud^Alj 4<jlliAll <]V^J 1 g ‘iC. 1 ^ix_a ^OAj-alAl 

* 

oAa g- jL .58 — 7 cJ^-^1 ^ L<a£ 4^^kl ciAjI y~u.il CjLuAjS J] <9LiaVL 

<^-iix-a]l cil^L-u (J^l (j-o *.” A^Aill jl/j AijJalill <11^ ^)JJ3M ^)JC. L_fll^AVl 

Jl 

.6 JjjolLo]! AjjjjJl <A Vu^Vl £-^L ^.‘W <ALiall 


u^D; 

lJLa 1 ^jfe i4<li <uLa 


E. G., f>»wH «bl 


« 4jj|1i • yiui LM »u»i«i 


♦ hIm^ * *juM ytr 


4SUJ1 ji/j ^uwl' ^2 j£ 


Jj-y»vll ijLIl ^jj 




AjSuJalt 4 %j4^11 ^j4^*i AiLub4 :58~7 JS-uJI 

I^Aj La£ A )4^3-a\l A ^jL^ll ^jax-o'A <j^mll aJLolaII ^jC- na'Al <jl c*ilA ^-ixj 

J.1^. lliA . ^ -51 7 J^ll ^jjJalill <11^ .1^. ‘N X y J ‘N x , Ny ^3 <3^)jlaj 
La 1 4<k.jj (J^.1 <j-«a <JjjjjJall Ll^C-Vlj ‘01, 0 2 ? 03? ••• djlslB^ll C' )\ g/k jj 

? ni,n 2 ?n 3 ,... ^Vl 
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j-aJ a^j^lj-u ^3 AiLiJaAll (.** ll q^3a\l 3^-^ V 4_g-^.j 3 -0 


jjc. L_alJVl clil^k-jj ciijl£ 111 .LaLij AjJol nc.1 ^LJI CjIaL^jI IgJ (j! AjaJaSl 

L>qL^Ij L qLVi A LLi^l JjIj £)\ ^\Ai.s-i\\\ a^)j^)Jjud] 3^-^ l&Ai*i taJj.W a 
A Aj‘q j 1 ,‘^aa il-^Aj .HjLuj 1 u "a \\ 4_iiLla 4_^_iix-£a <_£ I 3^ 

3^ tii]j ^jxj . Aj^j AlajJ ^1L La£ja^)*_A jl ( L_l*lill ^)aC- A ajQ j L-ajj-sxkj 

. LaLaj a *\ v W 4 *\. i9l^ ^ 1 3^ I AiC- I A 1 ^}la^ 

y s 5= 

4 yLJa <^_iix-a c_i*j ^)a£. j 4jtLa 4_al£ .li^lllL V tvilll ^gJc. a j^ylc- 

_ Jl ss Jl 

4_uj^)Laa <Ia*I1uia c. qljll dji_£^.jj £-a a-ljAia. ClAiiLa 4iLjaj Lllc- (^kSi 1-^A j .A_^jAj aAi^. 
jj£j (JLaxjjujVI 4 -xjLui A yLLall ^cjUx^all CIl^LLlI aI^La!! A qJV^aII ^3 ^xiAj-ajll 

a^)JXj-a 4 q\<% ^ 4jjjJ ^j^aj^adll ^_iJalb-iij 1 ** u - n. ^ tLujujj ■ aA^^la S^IaaII 1 ^ >. ^-3 i ^-n. 

•U-° 'J® 

(J£jai 4-^_iix-a]l ^jAArfVl 4j^)liLa Lg_J ^aJJ Aijj^Jall 3c. nxMl (_J^-aJ 

3* cJl^ La AjjIjIjI 4 jq \ Li a.liiijl liA ^jj . 59 — 7 ^^a La£ a 

A_lLla]l 4 •yftwill C_fil^)^jl aJja's.'I til^Luj ^aJJ ilAJxJ .AjjI ^^.VL yj^l 

ILa .5.4 a^jiill ^3 dlix-aj 4_ii±la]l A AjILa (Jj\Vi (JIaxHioiI 

^j£-aj Vj lA 4_^_iix-all L_l*lili ^aC. AJLll a jLi^H (3^^ -^3* ).^ ^5^ iS 

jaxj diLijlij 4qjWi ^a Ia^j 3^ 3 -0 Vj 

taL^il ^)aC.j ca^-Loi^Jlj t A jILaII 4<1^.^a 11 aL^ Aic. .4 ^jlax^ll *^Li^ 

jl 1^. A-illc. ^J^LLali a lA ^43 dljl£ 111 . A -s3^)a] 1 A_ilila]l A ~\ )L^ill ^a AiUall ^_j-aL-aliAi j 

ji a y * * 

<j1.VLjjVI 3^1 U' C 5^j j \/ J ^jJaliSl ^1^ ^)44*J l.'nlc. l_ 1 ^.jJ tl^. 4jJaiklA 

. a Jij3i1a]1 1 a\ A& V I 
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1 

I 

4^]»> i.jU. J*S^ i*» jkf 

1 


t_oul' jme- ilk. || 

4 " 

IF 111 

■ -LtjLLt 

• «U 

• ' >y)i ^c. 


4 



jyA ^l>_>* j! jjisiil* 1 

dJU Jk A*. J 

H 

•j*»* | 


Aj&Ja A^iLua A-ajI j^I :59 _ 7 j£-uJt 


(jA jlj£2l JA AaC. 4 jq^J-21 4_^_iij^2l i-*\Via*i 4 4_a ^9 

4_jj^) 2 4 jqJ-^11 A (jj£j3 4*aA^^. (JbI l_ ^9 IaI . c_a j^)*a l_ixj ^2 ^ Juj 

i** 1 Vi 1 1 ^1^.1 j . c_jj^)XA 4. . Vi t^l^luj dll A Aj^ila ^j1 kxs-i j)A AjjJalill 4 JIa (js-i\.\ L<u9 
j‘4j>J-l\l 4_^_idaII C > Vlll til jLa (j^fL 4 A ~N.C. J)A j 4 _IXj-£ 3 l^_jl l^jc. (JliLl Ia (J 9 I 4— fl J^)ia 
(jA A (_jd9^j ^1^ La! 4_1L^JI aAA (Jja ^9 ^,at, nj . (JaI£ (jV*n ^ 

aA^J 4_Vi]l cil^Luj ^jjV'i ^aJj (jl (2) jl 4<dj^)*A jjC. LL£ I_AjLjC.Ij ^lAjdill ajj^ixu 

4. qKa ^1211 jL^JI (jl J 4 (JLq^U ^ IJ'Na (J jVI jL^2l (jl ^jJal^ll (jA .AjAfJaSI 4_^_iixAi]l 

jA ac-Laa!! aj^jII L_ijL^JI .aILaaa ^\Aks-i\ <!L^. ^11 ^-sjLd 4liaj ^"g'uujj 

. A Vi.V.aII ^1} (j-a (J ^Jal 4 _i*j ^)IaC.I Ia^aC. 4_a£^)a]I tiljlllal A q iQ^ 


A ^j!a2jVI bjld (jl (jJa^jjiil .4 AjLu2I ^jaIaa!! ^_djJ V12 a ^)ii*-2 


c_jjjA .60-7 (J^jaII ^-3 (j^-° 4_fll^^jl — til^Ljj ^a 4[0°,90°5]s 4 jqiLill 

l^jlilSj 4221c. 4. <a\ j\l (jV 4Jj)A*^\\ ^LijaLaa ^)JC. 4jq i3-»ll A *\jL*oll aAA (jl ^ j-d^J jAaj 

£jLol 1! <d^)ia]l ^ic. (JLaaa£ JH2I lAA ^4 (JaIVIj 4t2]j .^JaL^JI aLd^l ^3 4 _^_^.^a 
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CIjV i^y - »,l . 4 _ali^_A Cj V ja^I (_£ jaIj ^)j-ajc. (_]£ £jJa^J (.** n*s ^lAx^dl] 

CIjV jA**kll i tdli x,j . (_£ jaaj ^^ViC- (J£ (J^.1 (j-a SJjLo jl c." Uj.nl 

* 

0 ^ k ^-> \ 4 ^Q^]-i\ i 4 -n. jQ i ^->\ 1 p J \A J;«n i Q jjm ,^^jj_ill \ i t^yA 4 \ ^ ^ i n \ \ ^ \ ^jj 

djl^Ul j^gVi # x oL^jVI ^ c_ fl^joi Iv^'j cy oL^jV^ ^ ^a £1 


. (e^jia^judAll <U^A^Ji ^^Ac. (_£J^aC-^ L qljpU jl ja £--Ax-aJ ^)AC. 90 4-Jjl^l c — ^ 

* 

O^XJ jl — 90 Ajjl^ll t -” ^ Aij^x^lAli Ax-aJ ^A ^JAl^illj 0 Ajjl^l \\ q^3-l 

c[18“7] ^-3 (Tsai) tL_aLA^U _j! ^a (J£joij ^-.Ix-alAi ^)AC. Ljajl ~$ JauLia 

= * 

(JaVi ®^p^-3 0 4 jjI^11 c** i\,4j>3-i <J1^3 V ( xa .5.4 Ia^j 

4_1^a^. C1j1^)a oJxj 44jl^_i]l ^Jja'sAI l 33^ cAiji^JI ^B .X ^9 ajn«A 4_1 ^a^. 

AJ^A^. (Ja^J ^Ac- l x^l jl Sjjis a^LUI a^i.4 l ^ jl Jiatf . JjVI *SlSj]] tJU^VI 

.^ALxj AjjJaall oAa <j£lj ty ^3 Sjuxa 



^ IjVI AjiJall jUl :60-7 J1AS 


<JjL^a ^ +ct U j^ll 90 4 jjI^) 1I ^ q .^. 1 IjS^ilujt Ijjl Ail 

. 61-7 J^ll Ia£ j aj^jj^aH s^Liai^Jl 

> * f * 

djlsli^) IaAIc. J jV! <3l3^)]l Jjlia.] Jxj — ^ W^A (Jja l.x^ljl 

I^A 0_a AiUall ^_j-aL-aliAl ^j-aBllL iciilj 0A .90 (J^-a zbOC Ljl 
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tii£ jjjj La ‘ijjjx-a JJC. <a3l^a]l t_uti]l jLaC-l 4JI.1 

. a_lxli]l 1 a-it.jl ^ ^JlU3a1o]I ^>\1 


M* JJJj Jti-t 

DLjj) 1 d ULSji 




Ajjjjla AAaLua] jLj jLi : 6 1 — 7 

> 

<11^ 'jjjjt.'i j)\ ^aIujV 1 4jiLJaJl <^_iix^a]l 4 _aLxJI 

46C.Lai^l]j tAjlliAl] oJjjoi1a]I CIjIjjOjolaII dllslij^)]! ji/j 

^Ac- 1^. 1 aqa l.li3 lilliA q\ <jl ^Jujj £a .AiUall (_y£k\.i.*~i\x ^ j ^axIj 

^)JC. (JjjJ j t ^C. Vj jac. ^ (JIaIj 4jj1 

.£iijj]l 






Ajl\ A \*\aa o^c-Luia oljl i^lljA 


l^A (Jj-q ^3 ^jj . ^.,-aJ^C.Vl ^jLix-o ^Jj .Vn,,j A jQ iJ-ili A 

Jj lijl ^ixj.L <n"l ^LiiL-ulj jjliiJ JaLujl JaL^j jI_i*_a11 

* 

jL^jl J^yLk ^ja I^A ^_*jj^)L<la ^aJJ •^- A _J2F" ^ gAc. 

CljVlxijVl o-iA jjL^jj Lo-lic. .AifL ^ CjIaL^jI ^3 4jn*nll 


J Ujls cCjlaJall ^ja ^ L <ij"l (JLstijVl 4-<u3 A_i±ioull 

IAa l \)W\ <k.jal jj£I Cj ^Jj I'Wi l_lji ^jJal ^11 qa . ^3 A q J-iH cAL 

LA ^lajaJ ^)Lix-<Al l^A (jl L5^*^ .^j-^Lj cJ^ A <jtLo cJ^-^ cj-° 

* 

cdlj ^j-«a <iLjaj ^aj <" n^kj iA Cjl3l3^)]l j\ <3l3^)]l ls^* 
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jLI i (_)al cj -0 ^ A_aiix-all ^Jj ^Iaa t Lilli Aajl AasI^J ^-^AII 

. L . '7*- J-a 


l (J-ol jC- 


ji * 

oAxj ^lAx-adll Sjj^Iajj J l^J ^^Aui-all CliVlxijVi jl/ J CljlAlg_aVI jljJ 

l-jjLiII ^jc. A_AaLill dilAl^aVI J^jj 
A_ lJa^}ll^ 4 ©Jail Jaj^)jal]l 

^ \ ~ 

©^)all ©LLioll 

L-jJlaAll I (JaIc- ~ 
." J ILL© j" LjL>iq J jIjjj J nj J.Aa Iajax^ J tillL ^Jaj 


5-7.7 

£a A_iiLlall Aa-lLx-all 1 ,/i‘j ^Lull IjI JaII ^jAaxJ ^aLc. LiL*-aj 

. Aji^xaII Aajx-all A_lla C_S^laj toAK^a ^AC- ft^j^Auill ©AA .aJ!1aVI ^jAILa! ^alc- p_Lix-ajJ 
. AjIiUtTia JjWi ^a^ ^iAj-a!ill A_iajj Jal <ja AjJ Jj Ajjl^al ^1 .W'uaiI ^x, nj 

Au£ j^ll fjLA^Hl\ Jjlvi AAuiI^ 8*7 

1.8.7 

JI AiLjaVP ©AjAC- o.Vax.A pjla’i Jl Ja t(_£^)al v. t J j tL_Jp^ll lAA J lljl j 

J ^9 jVI (JxaII A^j (JlLoJJ A9 .Aj£^a 1I ^Jp! (Jal <_ja A,lau*n ^Jjjl Ja 

(jAa» J J . A Jia <C.^l^jj i^jjll ^jc. AjJ A_ixx-a ©AA ^a-iAx-alillj (JjlaMI JjI Ja 

> # i« 

i” naj t JjuC-VI (j^*p lAAal ^j-«a Aj V ©AjAC- ©.IaI ^aULa 1 J’n^' ij pAa o.vixA <jl Jail 
IjjAI tiilli ( x_a •L)^ jaAs^aIIj ^i^lxl! A-S^J (JJ ^*-11 ^xjAaj JaIVI ^3 Ajj)Xj>*a Aaj 
Ajlia Aa (j-ajlx-aa IjjaI Ail L_fl^)xj . jjjJI ^jAwalll lAa ^ jdJI ^IaaVI (jsi*} 
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.Vijjjj Clillniaj (J^l (j-o Vj£^)a H ^ ^)liitl jl (J^*-^* 1 ^ S-^^H LaAIc. ig * a (Ja 1 ,jm \1 

4jj£j ^jj c-IAj ^Ic- jAAj Lijli (j-ajL-aVll oAA j)A Ij.^'uaiI llj 4 j 1 c_fl^)xj 

£.1a 1 (jjl^)ii ^ 4 ^jj^I Sc-I.ja'N^ VjlliA CAll ^1 clj^j 4 Lkl 4 4 _^^)a 11 ^a j)A 1 g at *u*-i (_JjJa£j 

£-1 jA A^.jj (Jl jj V tAill £aj 4 4_$1aaV1 oAA (jj'q Vi 4_it^)j . jAlat-all j)A Lo^aC- A^^-l 

/ !S 

p_L: t. ^ c_*~ c to^ii.1 ^3 o j ^JjLlaucJI aj& (Jjllli t 2 y~ . (j£LouJI c ^iii] 4 v ' -n 

I^IA ^3 4_oi3I_aa]I ^_yi ~ IaC.^/1 ^mall .<j£^)a]! ^IjI] (Jtx3 ^ j ^ 1 cj^ a . ' j\ y *a jail 

w ' ■■ ^ ^ lg-a33 ^..' A 1 '~" (J^>^ ^ *£^ A J O^Li. ojuain a^JaLi-xi £•- jjJaj^s ^JaLall 

_1 <_s jjjJI iil^Uj^l j t^jjj 4 "3 j^l" ^>1 (James E. Ashton) 

.[19-7] 1975 <,1*. "AIAA/ASME/SAE 


JSIAAI CjVl^» 2.8.7 


cjU^XJ j)A Vj£^)a31 ^1} ^\A>.s~x\ (JL^a ^3 (J£Laa 31 Cll Vl-^-o jjx’n 

^)j‘l < N) AStl <j£^)a31 11 ^a31 C-1aV 0 j-lAAll 4 AjLaja 31 jl ^3 ^ jVl ^I-I^OLa!! jA^j . Villi! 1 

4 Vll 3-1*uJ 4 (_Jao 3 jl j^M J 4VlLlaJjujl 4g.l Wll jl ji^l CIjIjI VuJ )V V .(J^IaaII jA 
JLilljj 4 <j£^)a 11 ViiJl ^ Jg 3-Vl 1 4VlAaLA Vnj ^ l_A^At (Jj3 4 £ Li^jl 

z z ? % Z \ 

.La It y la j~n a \ju Jaj L_fl^)ia]l l^A cJiaJ 4til]j ^a . 1 g,x a (JaL*I 1]1 Viaj£ <3 j*a i^ljlc. ^ a )'n 

^ \xy .LaIj^)£^ (J^LaaII C1iVL^-a ^jjW^aII ^ja AjA*J 1 LjLl^.1 ^VjJaJ 

Vix-aLVll J^aj .VLsaLk <j£^La S^jaa] Ljl_i^.l AjaAI c-Vjj^ (jl 

<i^)XA njj 4 ^)JJt Vi^^Lol O^Ia] <j\,VuJ 3-1 A ‘l ^9 V] ^ Ag A 

i ^ ^ j: 

£_ia^. 4.^ iK']) LaI ^ax^-iaH (JaC. JiA'n 4^^)Vl Vi^.Lj ^ja .a3l& Ajj-aLVll Vi^^LjAa AjJj.Wa 

c^IaLaI vlL^. <Jjaj .La 4iL^)IaJ 1 £.j\t L_ilili]lj jl 4 gA& (^J^LaaII CIiVI-^-a 

<jl LaLaJ l^l^SlxA 4(J±^J1 11a (J^LalIJ ^jl LaI^ . ^>vVl vijL^. tililt j 

4 ” t nV‘i ^a vLsLjajj j^'u^j lA^jtj 4<Jj^. (jl jl 4 <A£jaa 11 Vijb*! ^a tiljl j 

(J^ XAJ <3tA (JaL* 111 (J^.1 j)A (Jf^-11 J (_gll oliijVl (jjlilL^Jl Lil^ 4^\j\t ^at, \‘\\ . (Jf^-31 

. < La1_1a 


698 


^aill JA Vi JL^a ^3 (_]£Loui]l djVL^A (jJaxJ 4 J jj lajj d n^. 

(Jaju (jl Vmll (jli Vjj 4d^}dlaA 1 g» a (JaIa^I jl 1 g, nVi LaI I'nlc. ^,at nj c l^LiAx-saJ j 
(j^AA ^ja! jA vlUdiujl c_al^^al (ji JV1 (jl dljAj I3j . IJ 1 g.*3jaj Jill A_ajjiailj 
o^ads, AjLVIujI ClilA 4_nj Jc- (Jx^v*k‘i (jl (j^Aj Udx3 4 4, 11 Vi j)A .^1‘n ^Sj djjJ^Al 


j)A p^dn LaI LaLaj IjjIaa 1£jLa dlLai ^la^. lajd (jjfLjj 4 vSU-VuJ — (jlj3^U 

,^-jjUI (j nAVl'l (J^.1 


jAaJl l Vd>Aj Jill Ax. jV'iaII (J£LAia 11 d_lVL ^A ^JA-N (Jj^. AaIx 4 kOU dllaA 

JjjUI liflj .Vuiij da3 jll J L@A£ t jjaVLj ^Wi jl 4di.w*i V S^lc- Lgjl 

cAj-uij daSjll ^3 jjA^la A a^Viaj AaJ^iIj (JaI jxll ^ja^ dail£ Ijj 4 (IVlUTpliy) ^Jjja 

.dll A Jxij V lg i^l j •*LS J ^ J LpdS 


^ ^ Aua ^Jj lijLuj jadl dil .aAasIVII (J£LAla 11 dj VL ^a <jA V^jV j/‘i» il 

# ■* " 

<^_iaj-£3 (J^-l j)A Jlilll (Jj ^_g^.llA]l (JjIaj jc-da 4dllj ^Jc. ®J^ C ' • AA1 Adnal — c-l.Wil 

. (Ja3 — g-1 i Vil (jl JV1 ^ ^dijl dllaA (jl La£ tVlUailujl — (j^3 dilA <j-salVj 4 Aaiiala 

■* ' - ,» 

VjV 4^11*11 (JjIaj 4 iQil^ll 4 ^ (jjjj-saLVll (jjjlA jCdl VI 4 dll A £a 

(^ jj^jaII dlail.^jAll J^VuJ (j^AJ .S^IaII dljLuj 3^.1 j)A ^r IA^^-iaII l^J Jal q 1*\V1 c > l^kj 
c-l^VU (JlxijVl ~ (j^^J . l <al jiyi j Aij^x^All c-l^Vl-J jail 

Ia J^d UjJ (jj^J (j\ ^3t nj t<ll_^Jl aAA ^J t^JaV jac. 4 qj^ll UJ^ J 
^^3j .AIjLaII d j^ill ^3 lliaifllj Ia£ 4<C- jIIa vEIa! 0a1^)J jj .^JaViliUl (JaiVill (jA 

S .AaiaUl o^>^-ll <31^-11 (> t il JC ^^Vi'l }\) tAaiaiall ^aUx^ill (j>axj 

s * 

jL Aic- <a£^)All Aaialall ^aLaj^all ^3 4ajlda^)xil (j-aall djljl^_^.j 4 jaA 1 jg.in'i cdilj ^^Ac- 
djVl-?-a ^ja-n ^>ai*j .^.laAll vEIaIa ^alaj-aii ^ 1^-1 a ^^Ac.! a£1ajuJ 1 Jj ^C.\J1 <axd 
. Ig xa (JaIVE (jl laalc-j 4 La l^-jj 4£ajA 62 — 7 (J^dAl ^3 aJjl j]l (J^LaaII 


699 


« Jj« . ulLuI ^jIJj ) jr jlji 

• ■■itlnfti 1 jr^jj 

• 4jWi’ Jj* JljL 

• njlLoll jjj ul%yi 

« <jJja jilt jjdiil Oli^i 

t uii i ^ij iaj 

jjaAualSIj JjIVill yi J^LuoaSI UjVI^- 4 :62 — 7 JiutSI 

^ ft' As 3 • 8 • 7 


^3 (J£Luba]l oLa 4-lX-a ol^)Li-aj L J C--A] 4 '^aaII ^-1^.] JLaJJ 

V 1 . a , ^ II aljLLllc- w '^»» .1 Ja&S r" Lax-all ^JJ - “ tlx, lx- jj ii-iLLa x l -aj 4^^ 4_ax^)Lo-a 
^‘il a, ,x.U iLa-lajull 4 JI 3 ^ j . --.'Va'i Lijl 4(_£^pJ sjLxj . ^Laj-aall ^^3 4j3jJall 


£_L42>. ^ .[±0/O°/9O°]s ‘[±0/O°] S ‘[i0]s CjIjS (JA sJL*.Ij ^^ic. AjlJall 
1 g.j.*i ^^lill elAfl I/I-I La .60° j 30° (J4J 0 j»J3 ^jlj£ taliiLill CjVLAI o3A 

4 \\ -v"i , al Luli]j Lj-lxiiaul ^JLilLj iojJaLila 1 -a ^ l_ 4 _jl t V i j] ^4,10.1 HI -x- *il a. -— «\l oLa 
. " l > ml l** un. \ U1 \aaks-i IAjV AjI VuaVI oAA A^. jj V .<JUa!Ljjl ~ c-lA^Ai 


AAxI] \A5£)1 Aa 1 A q jQ'n (,JjJaaj A-ll L"u J “ (jl^yi A^. V t till A C5^ 

> 

<1 (jlj A_iiLla]l ^_jl_aj-all lAA ^)Jaj » — 0^5 "^0 1 AasI^aII CljLa^iall (_ja <jjiij 

<jj <JaLuUJ (J ^all (JjJaSl .^IAaII Ajj^I j l&^C-Aj aJUojjujVI -Laj ^3 oc-La^. CaLaIxa 

A-L-al^A ^,Wl V tAiL £a . ^)3j-all (jLjLaiJ A.26J Aj6 yiklx.Vl Oc-Lai-n ^JaIxa 


(Jj 3 “ c-lA^Al u] ^AiAL^JI ^3 . Jj 3~ c-l.W^l AAjA^. ^aAc. A_iiL±la]l A •njL^H 

.» £ J> J> 

\C- ja-naII oAA (_|1aj • 0 Ajoi jl A_^.^)A ^3 AAc. Aj^.^11 ^ja£jj 4A^^.^a 

^^3 (J^LaaII CA^L^a L ^aAil . A ,’iL^ A_La1s A jq^J-all A CljlijAal^A a 

• A_^.jjAa]1 A LjjUII oAA ^a A_3^C. i> _ 5 -lc. Aj£^)a11 ^Aj 
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JjLala jjC" JjlVill 4.8*7 

' * 

(JjIaIa ^£.±1 l a\ ^JjVl (J^I-*^a}1 (JL^-4 O-SjjuJ 

jpa lijLuj 1 'i)a^V . (Jj3 — f. I W ’ll (j! j <lUa!lujl — (_paall (jl jfi I I (jjliiJ j^. (jjjillai-a 
o^Lai^Jl ^LqLx-g (jl LajLai 4_2k^)'Vq>al' ^a-Qj-sajll Aiuils ^3 1. A jQ )Jall ^jlaj-ali ^jj£I (J^.1 

oAA (J^Ijj-ij ^JUailujl — (_j-a3 U^-J^V V • LoA^l£ jLjLap A 26 J Aj6 

5L^Jl*-A (jj-OjJaj tAuWlI Aj£^pi]l lj u^j'l (Jg.AJjll (j-G £-0 .<Lalli]l 

CjLjLu^j jl d^A e-l-iVI L—ljl^-j ciljjjj (jl ^ x \ n V Jti]\jj t<SUaliail — (j-a3 (jl^VI 

^Lolx-o (_£jlxuJ V t^JaLoiJJj . LgLgj L jpl£ ^^3 (Jj 3 — cAW ’ll (jl^)3l IA*I 

(j-o 1. jq«'i J&\ ApiLia 4_^_iix-a (_^l (J^.1 (j-o l^jl D 26 J Dl6 (j^J^-^1 oc-Lai^JI 

(jl ^Ac. (jj^A S^LuoJI ^^-LcIjca (jl c*\ V .AjlL-aliA djlSlS^ Clllj ApiLJa 4 

pJxVi (jl .A jq jJall ^kl l\uS (Jx^ Lo ^Jj LixjujJ 

AjL-oj ^piVI IAa (j£J j to^jiaLila ^)JC. A_iiLi]a]l 4 'NjQx^ll Cll^^p lAj ^)ix-all ^ij (jLiXjaiJ 

i^Ajaij (jl A-g^JI Ajjxju'iII (j-a qaA cAliiL^JI ^_3 . (_pA^j 1 £3Ai (jjj^)laJ Aii^pai ^xjJaj 

Vi _^C.jl 4 gAa (Jj 3~ c-l.Wil J JVi 1 “ il a\x a ^)jj I j o^p-alxxAl (J.AI Vtll L_llc.l ^3 

A_^-iix-a ^3 Lo +0 Ajji^l 4_asl^G diliila c‘* iWj ijj 4i 1 ^3 ^^ki . IaU*iVi 

* 

Of. Lud^. CIjLaLca ^^xjuaj L_fljj-u l_AAlxi ci0 <." )\ ^ij^^i ( -* > ^'1 i i] j 4_iiLia 

4_i^ila 4_^iix-a (_)^.i . 11 a ^ij_jVi £-a (Jj 3 — »1 Wil (ji^Vi 

(Jj 3 — g.1 Wii (ji^Vij ^JUaJjoii — (_pa3 (ji^Vi ^^^)AUa ^j-Q 4 ^° lc«^j AIolc. 

^^3 — 0 j +0 djla±lal] ^ij^)Vi 6^A ^ja J cJ^ ^9 LaA^)jtj>*al a 

IaA i-^p9 V -^9 l_3j^)Ia (jl (j^-<p (j^J j cAIolc. A 3a^V->a oAA . 4 jq^jali 4_^aix-all 

. 1 g lnu,VI 


AJUaluit-f UaJI O' J^V' 5-8.7 

c_lic.l ^3 ^JUailioil — c-l.W ’ll (jljSVI AjI.Vu J r^Vi Lo^-aC. (JaaJ C_ S jjuj 

A "■k ^j>«a\l (jli AiUaJjoil — g-l.Wil (jl^l <11^. ^3 AjV ^ i *— ^ Jjjill 

jl^i. jl (autoclave) a^jaIIj jL-a]l jl t ji.lui]l l _yi&A\ ^ l^.j^i. ^jc. tsj^i 
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I_g_i3 .SaLc. <j L-J^C-^a ^)JC. £jJa ^11 lAA J c<1Laxjj3 ^aJJ ^p.1 

# s ; 

^jLc LPl . Ap^lA ^)JC- La^aC- <jSlj CoAp <J lj jC-^)A (J£jalll ^3 I AA (JjA 

.s^UIiIa ^t- <pia a ^ p^l <3 . w'Ul ^ c> O"* 1 w 1 s^ps (Gruninicin) 

.^r J*\ xPI ^)Ajil2l (Jjj-sa^Jl (_pl 3^ 3^^ L^P l&AjjJajj <11 A j dpj-ill AAC- ^jax^i* 1 

z f f ; > 

pLdiA ^iC. ppLa ^jLix-a 4 jAia*n AjaipiA <dp ^Ipl c-LdV AjA\jjC.V^ Appall (JaSLi 

3p 3*° <jWia 31£ja1 3,3^ ^--Uaa pl A <11 pa^pl <1x3 lAjLij p 

. p^d2l j ^jp_dll 

A jq^J-all ^3^-31 ) 33 Cy Bij 1 qA.w aII pill l-jU^ S^pLiA 3 ^-^ 

^pL3j . lApJU pSI <pla ^jIAj-£ 3 (J3 (j-° pU <JjXj-£3 3j*^ <jl US C<JaJjoall 

^aII <lj)"i<All c-lidVI Uljjd^. l_jj pj P-'^UaLj <11233 — g.l,Wil 3 IPVI pi 

33 (_ja <i jq^All <3 Lxa cijl^jj^iuj c” uP^'i I a] .[20-7] (Ashton) 3P-3 <xpsl 
. W'd c^4.4 Spiil! pdl) 3^*-3 — (O*^ (_>«pj 3 31-*3l — Spll ^l-S^Lc- l_23 

<£Lylxll JLa*UjI 3‘iSaj <jl Ap P^joi .<1 j'PaII *UaiVI S»Ui> 4-iJp3 3'*‘\i Ip^pi 

:<n2l 3- a >3 g-l.Wi^fl pUia. 33 3-° <2L2I 

D = D-BA l B (7.51) 

eli^l pUix Aaj3 3 * ^3 AJpdAll g.1 WiVI pUia. epAC. ^ \x a 3 a ^ 

~g.l WlVI (jl^l A^^-j (JjJalJ p_x3 1-2x3 ^jjSj — Lg^p 3 C ' pa2l ^j^ik,\ — SA^x^aII 
V LAAixi 6^)Sj-ail IjjLaa (7.51) AJaIxaII ^^3 <11 )^i\ j.2~^l,Wil .<lUaUii 

Ul .Ia^ ^jJal j (JSjaj A y j\\W aAA <_jSajj c<2xall g-l.WiVI <aj3 ^^3 313^^ 

^Jliilljj i La jA c > i>^a BA l B a^JI ^jls l I a^^^a <ll)Vu J~gA w*il ^jl ^Vl (jlS IaI 
f f - ; 
^Jal ^-Lsp! pV^A^. j t^jSI ^.ll^jl plil^pil j Pjjaj 4^.ll^jVI *UUi^. <aj 3 (Jjlij 

.^^)aaUJI (Jj-a2l ^)laj!) ^P^l dll A A^jJj 

(^^pl 3^^ t2liA (jli C<lp^2^ WlVI Oc-Lui^. L_3J^P i^Axld ^al ^lj 

^iiS 3^1 pi ax >ii t(jVI d.wjj c^jSaj . <11U"ua)I c^Lidl ^-^2 

taA^^.j JU ^^3; <lUajjujl t g.1 Wil L *^) 3^ > *. ^>j V 4<^11 a1 .<2^*jjU2I J2UUI 3 -° 

* 

^3 jXjIP 3lj3^l lAA 31^ ^ tc2lA ^xa . ^jax^i'iII j (J;2d2 La ^ua j ^3 "b y£- 
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A I.K] 4 (_£a! 1 (JSall (Jl AJaLoUJ AHa A ^*A.J t ^ \W ^-IjJaJ (j-o ^)jj£ 

.Ajj1^)^J1 A_J\jca]1 Axj JLla A^_iix-a ^A 

Ail (_j^ajal .AJUaJjujI — »l Wil (jlJj^M (Je (j'Qjg'i Ia^. A_a^_a A cAHAA 

it f c ,i! ; f 

(j-o SA^lj A u J Igjl J tAlole A_iLlLj A_^_iix^S 1 g.VuAi (jl ^xjlVu*n A_iLlLj A-^Jj-a ALaI 

(Jja — IJjIjj Je AjAjcI ^jll (IJle A_i1ax]I ^)JC j) Ia^. A2<al_k]l A j<i J-ill ^jl e Us*\\ 

* 

caIa jl aJL^JI caIaIaJI caIa (antisymmetric) jialuJI a^Ua Ajfkll a^Jx^JI 
Ia£ — (asymmetric) o jJalAlc jjc aJJ^I a^J^H caI£ I a] .aJjIaJI aaIaIajII 

(Je (jl (j£-aJj t l,Ag a (j j$>J V AjlaJall AAe (jli "aIaIc" ^iliax-aA ^ i« a 

4 JaILaII 1a& ^Je Alilj (JJl V . aJUVu J — g.1, Wil J JVI (jA ^).u£ JaLg 

(jA JaSLa (Je (J wiVl L_fl Jj-u Aljl (jAjJaj (jl A_Lal_uUJ (j^AJ V . AHa (j£-AAll t> cJj 

> 

lAA (jl CALuI (j£-aj . CAllilall (jA A AC- AI^LiaI A^^-a ^jC ^ ' u *il 4gA Wil (jl JV1 

£a . 1 A^ (J£jAlj Jj-all Jl 4 JaLiill A_»a£Ix_a A j'^Ja jLix-a (JJ (jA 4 (jl JV 1 

J£1 AjiLla ^Alaj-a (JJ (jA lAa. c-^JaJ J>A*n lAA AjUaLoil 4 g.1 Wil (jl JJ (_j-^aLiA 4<A11a 

Sic A. Xolc JLilLj 4(6.5 *s jiill Jl AiL^Vb [22-7]j [21-7] Jx\) a Jjac 

.<aIc a j<iO*i A^-iix-a] A (AI^LIaI (Jl^. J Jill 


(l5j4^0 6-8.7 


AjIaj Ia^. ajIa^. ^ j^)^>j^11 iAIaI^JIj aT^II a_i11a]1 (J£Lola]1 cJI^-a (jj 
l <aj\ (j-o aJUJI oAA <Cju/i^ A_j£^-q SaUI ^^jujLujVI c_flj^*All ^J1 .^-^.l^ill 

s > 

aa jqj.^11 j l <i\,jlVl c > uti’i ^f*A Lie a .SaUII oaa ^L*a (jl J jUj] j t aJojI ^ SaLq j 
4 L_flA^Jl Iaa .SaUI (Al (j-o IaAj^j J^l LS^" c” n^.j 

.LoLqj (jjqVill A_Llill A_a^_a11j (jJ ^-Lja jVl J*a> (_^A A qj'qVi (j^J 


A_j£^a11 SaLaII S^LudJl (AlJjudJ j)Vn\l AjjJa^-o A^. Aj^)LL« 0j1^a11 SAcIa (Jj-oj 
(A l J juiIIj ^3 jilll (J^l (j-o Aj\j\ V ill Cil jAVI — AJaLudJj — JwtA V tA^A £a .c_flLilVl oL^jl 
AAjSA 1 JJL^ill (jj£j V j . a!^ (JiAij c_fll2Vl ol^jl Jj AjjjuJIj ^Lja^xll 

Jl 5! 

A^JL-sa — (Jj\Vi si Al (_g iAIaI^ia]! (jlj f-lcA^yU c_fll£ A 
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I'lVqml 63 jj^JaII ^aJ Ld^jc. CjlmluJI .^Iaj — tilSi ^gAc. '** S^ C ' ’^A^*- 3 J 

^Aj UJJJ^ (JAa tA-A^allAl! 4,^> u'31 ^ 3-1^11 C3A 43^)31 3 ^a]1 Cy* 

ji nal ^xl\ (Jja iA aAVuaII ^t. A^jjailij ^)J*.j>31 3^31 C3A 3 ^a!1 

J&\ (JJlalill jjlj ^Ic-iVlj (jl tAJaL-aJj t^llfldjmj V I^£a j . 

<Lla C Jull^. 1.1a S«lia (j^J ^ai 3^ _^3 _ UJ.J-3^ (J3 3’° i _ 5 -'‘-3-3! ^ IaL3a*Jj3 

. dual 3^1 3*-- Jl j^-VI (j-o Jl-a 3 I 4 3j.^A" 

c<ilx3 ^t- jl <jjujIi« ^t- 3 jj^jaII tilijl^iAll JJU^j 33 A^a-A ^aVI l >3 

SjLa ^ajU^TN ^)jjxM Jla-<AI ^_nj 3 ! AJaLuUJ ^xjaliuij V 3 ^ 4 43iAl 3^1 J^-dj 6 3 

^3 <ljLci]l oAa L_njaill 3 -*^ . l,g AjAx«Vn L—ic -3 54 ^ 3 I J 3 3 ° 

J j-all &Aa 3 ° l£ J 3 3 ° 3 j ^31 SjLa]I a jx^iLk 3 ^ 3 l jA?*,a S.ic.Ui] Ij531jaI c_j^a.j 
jI-IAaj 3 j <j£^a 11 &AL3I ^)jjx n 1_1 a 3 13 . Lgd* ^_ij -%jAj>«a^ IjJ^I Jla. cAj^^AI 

s S= ■* # 

AJ1^£ 3 ^>a.l o^)a c_Lix-ajall dlljLfAa.! £_iAa. 3 ^>aJj ^ jx. j 3 I 1, nlc. ^.x/n lAdxi i jjima 
1 n^A 1 V 4^31 A £a . <3]A ^J1 3 j t(. 1*31 j 6 ©^jl^)aJl A-a^J j t4j3 a 3^ *01 4 u nl m-s. 11 

•e } 

J.l£> Uj3 33^ 3' jL,* }' i ) 4 *313 .Ai^Sj-a>3l^ ^ 33V I 3 -0 ^ *^aa Ai3jj c3 1~ ^ 

* •* > s 

3 -q Ac- ja ^-0 c 33 w<q\1 ja*J 1 1-iA^ 1 1 ^ k\ks-ij)j 13 ^H31 Aj£^31 3^-31 3 -° w<q 

.3 Ic. 3 3 j* 

c<a33 ^ j^j^aaII < 3 ^ 1 , a 11 JL^IujIj SjIa ^jaj.^"i ^3 4jj^31 *^^)^31 3 ] 

J£ ^gAc. j cSjjjauj 33 ajLoC'l 3 ^ V ‘»‘ > 3^3 *33^ J3aall Clil.Wqn 3 ^ J 

J 

3 * . 3 jj^jaII c3jj1i^ja11 ^.Lc- Jjjujl ^gAc. a qjq^H 3 3 ^ 3.j3a^a11 A3il^ 

, J # 

^j-ajL-aa-j (, 3 ^ 3 J J^Ja '1 c^Iijl^jAll (J3ali 3 -<i*Ajujj 1 xsi\.xl} 3 I ^-^■^>31 ^)4C- 

^Ic. Jaia 331-3 4_3 ^3 jj ^aj3 1^)4^1 J c ^jAx^ll ^3 ^j-ajL-aaAl oAa (Ja*I1*jjj ^aJ tA^la^l 

Jl 

A_*a 3-31 ^aj3-aaAl Aj^jlLo ^jax^’A! 3 * 3o AJa^kl ^3 nj .IAa Cljl^a.Vl aAI^ 

J S i 

^.‘^J . 1 g.qyi Vi ^1x3 ^aJ ^a ^_^)-aj3-aaAl oAa 3 W -^131 ( 3^1 3 -0 ^-*^1^-31 ^j-ajlx-aaAlj A^la^)l] 

^J.^3 j 4A_ii-iAaAl jl A 3» q 11 AjJUII ^uaj3-aaAl 3 ^ )AtA A1 Aia.^11 ^aiaiAll ^iLujV 1 3 I <31 A 

j , 

3jl*^'i i3j3a*j 3 I c3j^j 3 <q > <q 3 I V • 4x^331 jl A jlj^Al ^j-ajL-aaAl 

LJol ^aAj-aJ V 3 I ^Ac- . Igjlc. jIaJC-VI 3 ^°^ 3 J^J^JaII ciljjl^jAll 
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c tLo Ic. 4 j^)1_axa jl ^a jl.nc.lj ^j^A^kj (_}j i^\ ^aII 

> - 

S^IaII (j^k (jl (j^AJ i (J^l (jA (JjJaaV^ 4-kAjdll Ig.nj (jA (jj_jlli^j 

> 

c_aLi]3U 4_1 a^^. A Uii'n <■.** n^l ^*J1 a.±A (.** akA (_£«l2J (J^l (jA S^)11 i^_a]I 

> _ ? 

A , Uai ‘11 a^Lall (j^£j (jl ^)^.l ^3 j (J^.1 (j-a (j^-aJ «^. u^aII IaJ-I^j 

.UjI£U 


^!jUt Aj^\ 7.8.7 

Jlxijl — jl^-^VI A\ ^ JUJ c£^ 4ajLoil lA ^LuAI 4jjJa3 (j^M (Jjlliil 

^tfajLx-a^Ji j}A (^1 LS^AA ^ ^.Ai*\^Ul a^Lall cA ^LuA (JJI (jA « ^ 3^a*\^Ul 

a±A (jV 4a.±<AI AjJ-vnV (jA Ia 4<aI*AI aAL^AI ^94 lgj\c- (jAjg.'i 

. ^^jJxa AaA^) Clilk <j£^a a jIa QAis-i (j-l*-o jl ^cjjI^j (Jja t A a«±A Ia^aC. ^^A 
(jA ^J^Jh-IaII (j^£j ^J)J1 a11 — (j3A 4-^^)A SkLo ^3 4_jl 4^1^) Aj 4 Jll<AI (Jj UjJ ^Ac. 
(jjU^Ui] (j^fLi 4l^Aj . ^.AvnV (Jlxkjl — ^ WlA Ijjlk ^W'lAj (j.l*A ^A ^ J)\a\ S ^\ 

^jiludAJ (Jlxkjl - ±£_^\A (j9l^A (J 4 ^ ‘l-a Ia^AC. Gl2 J E 2 A^^J-aA]l l.Ag ,\\c* (JAjg‘l O0 

» AjJ-vOUl <jA o^* -0 

(J^.1 (jA — 4 t 3jq*sAl Ajkllall ^-^.k^Aill cAjluAI 4-i^.lj (j-Q 

cA ^L uj (j^fLi .Ia^aC. a^)4j£ 1 jAvn “ Ajli\ t.j'i'lW <J1iIj£^)a1I j Clll^)jUaI] ^_iJ 

* # a 

^aALaij (jl £3 jJJ ±45 5^-'° 4.“ Aq;3-i AJjkxA A^.j±i 1 j3-vs Ajkflall 

^jlj AAH-A^Vi 4_ik±la]l ^_^_iix-a]| til^Luj ^3 (JlxijV a^jjAAll A 1 

<_iij Jj C!j^)iajj A j<iO*iH A^aix-all <^1 jL^ qa ^xjI CluA j Ikj .^±uull c > iujjTi 

cil ^LuAl .A jAvs Ia^aC- aJja^H -aA VujjV a^jjAAll ^_y . ajl ^jls 4‘a^u^ 

JaAJ £y& Ia ^j^aaII ^a .Ia ^^>3 ^li^. J^^^a 

^jl .a^J^C. 4_ik±la ^jLaj-al (_£^AUa]i ^.1 -^*-J ^xkj 4 ,)}tn ^jiC> <j\.VuJ 

jAua — Iaj^j — jl 4 __i*j Ajjj ^_jAjJa Clu£ Ikj (JL^a ^9 (JjxjouIIj L-lC-^y 

. I Q~n- ^ 4 n ^ 
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•M * iM 

(, ^glakjUl dl jLJI 11 a jl^Vlj Aal jAja 6 ^-Ll^UI iA ^LoAl Aj**a^Lk£ 

Iaa ^ ^vs^Ul dl ^Loil! ^3 (^JjxjooIIj Lgj-ac> l_ic. ja V Ajaiij das ^11 ^3 dial La£ 

dl jLaill 11 a "^jlk ^jxu«Valla'' l_ic.Ijj t^ic- jAls dials ^gllallaj cdijlS Aia^la Aala 

s= # > * 

^g_b dllaA j£3j 4dal^)jLlall aJU. ^3 Laj-oC- A*\j*\ no AJsL^jLall oAA .^gJakjUl 
j-<a tWl 1 g 1^1 jaa AJaLaUJ ^JaJjaia V 4^gic-l djL^.^)Al £jdakj 4<_£^)kl 

1g\ Aac. jLqc-VI jaxa lAAkla jl dlalc. ^gjuij JUllaj 4^)ok^Ul dl jLJ! L_ljl 


. ^jxuaV a (Jj\Vi 


CjlLJalt (jjj U 8.8.7 


L_a^)illj daljlg_kVl 4 Lilx.3 4 jl dalaalall jajLo dalAlg^Vl jA Aallall aJ£IAa!1 JL^-g 

jl jaa jjjloM ^gj jVl ^»laVl (jalall (js-xxA ^xjji . A j<i Poll A^ainall S^)^J1 4_alj^Jl jaa 

* * *■ * * 

(jUa^U A.vujj^II Alc-lill AalVl (j-a^lla jaaaall ^juAj ^gC-Aj S^jAUa jl Aaa.Vq'd Aa£^>aa 
, > 
jjaSlSj Jj^. J ^glc. (j-aalla jj-aall lAA l Qj^oj j^aaj .6^)2*. Ai^> j-«a 4_ajiillj 

J£da jlaslsjll jlalA dm. do A Ia] .^gJI jail ^glc. 4 0 j +0 Ak ja ^gjjjl j £aa jjajjl Vaa> 

IjAial j^lxVn c_fljjoi Logjli 4<_£ jdaiaall ^g3 Ad Aljaa^. ^gll (jiaxall 1 aq x^oata jc. jikoiaa 

jada^j j^.1 j^j 6 j^l .63-7 (J^-dll <_g3 laa£ 4Aaa£lxaaa dalAl^al £aa ^-^Ldal dAjjljaaa 

dAa jl jaaal Aa^.jldJl ^-^/LdaVI (Jj^. O - ^ Aljaa^. Vjl (jak tlx-A jalsls^jll jaalA 

* * # 

^-^LiJaVl <_gjjl ja-o fiAA (j-a^ll Aljai^. Aa*i c_Ajjuj .A_i-u£laiio dalAl^al ^g3 dila ^-^LiJaVl 
.^j-a3 jl*iaV A j^-j V ^gllallaj 4A_uaij ^^Jla jalaJakuia jalj^l*a-o jjKdj jjg ^ jadl 
LqAI^x^iII lajl j 4A-uiij JiAillj jljAaa 4AkjJl oAA Ajc> 4 jjlj^Vujj^ll (j^AA jl ^ajasl 
La£ 4 JlxijV 1 Aa^.la j-Q j T dA^jaiio jaasls^jj Aa^ala A^-ik-sa jV 1 I^aI . A_kaia A^_iix-a£ 1 *_a 
^ aix-aall Aa^laj jjasls^jll j-«a j£ ^ daljl^.Vlj 1 \* J^’uJ A3 lajlj 

L glixJl ja-aall ^gJl Aajl jll ^g3 Axiljll Aaialall A^_iix-all ^glj jlVn LqAjC. 4<Allj .AaAalaall 
dlla L_fllj^. l ^£' 1 j^x^i IaJj^.j ^gjJaaAAll daljl^^Vl (jia*a lS ^ Idjis 4^3 7 (J^ dll j-d 

AxjJalk jaC- ^J^- l^aV j^l-oVl okb ^g3 1 _AJj^.j (j^-<^ V l-ani 4AaAilall A^aix-all 

. Alj-<^J 
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AIL^. lljC. ^ic- 3 *aJJ Aj^JI £-a aJA 

\ * 

^3 A KxxiaH 3 a ^- j ^ c > \ H*nj Haa AiL^JI 3*° pW^j 


^-^LiJal J)\J1a 3 Aj ^ a (Jj-q l^JL^la ( 3 -^ 3 ' djla±)a]l tiiL 

5= - .» 

3-q V^j .A£^pJl 3 V jl^j Lo^ic. 3 .}'^.^^ 3fj <j! Vu^Vl ^ov V .oL^jVI 3^- uj ^-*-^ Q 

5 ! > 

. <9JjJa j.1^. 3-o^ &3^J1 filial 3 -0 l‘* iW'i tciilj 



AilaJl Sj^ 43LL A^iLuol jL^VI aJIa : 63~7 


cJ^ 3 *° l)j^-^j All I 30333 ^*3^Aj 

6-4 03^! ^^3 £3j!ij Axj .Aj^j^JI <iila]| 3^Ja a^oJl oLLaill 3-0 l_3^)HIj 

30 C. L>ajl Lului jJjJ J tl^Su-o l*iAl xa lila^J D 3 j 3 ; 1 x j JI ^ lj-ea^V^ gJ c > luu") l.lo. ojjj£ 

* 

(3 ijjlj £3 jj . aAA 3c. ^ a^>H £ 3 jj]I ^^3 l uKxxia 3 A ^- 3 • A *sjqx-o\l L_i*lill 

fijjfto 3j£j cjbl^VI 31 Alkk c^Lkj ^l^ioiU (Pagano) jjlc»Lj (Pipes) 

■* # f 

2_a <iJall ^Jalij ^jc- liilLo. ^-aj <Jaaj ^gi 43^1 ^gi a_ia 1 _iLqV 3I (Singular) 

^JaLuijj SjLoII 3^ o *^3^-0 3 j£j 3^ ^ 33^. 11 3^-oj V . [23 — - 7] &3^il AiL^Jl 

a^Lall ^Luj 3IJJ . 3_x-£a]i ^3 4 _iaLi 1 aV ^ 13^3-0^. Aic. ASjI^jV 3] 

cl^Aj . (333^1 -q (Jj\Vi Ig.xxiAatj V As^x-oaH ^3 AjJuJa^-o AjJ^iAV ^ qjq-kll 

3 s li ilujl^. 3 -oVi i-^A LlxjJaj Lq l^j 3^1 J c^ujLuj! 3a3llj 3 A 6 J 31 L 0 C1j1j1^_^Lj ^ jail 3 ] 

.Lo Aij^laj o^A Jjia.1 A1 jL^-q ^3 3^^ ^ AILolaII 
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(Jja — &j)j\ >"i>q Cliliila ClAA a£jlaxa A j'q \b A (JH yA 

, y 

^lill ClA^AHl ^ajj t-lHj .\u>i‘n a ! ^ +0 l^jjjl j i“ )\ 3 ;3-i ^ja "ayAj 

djl jLg_^.V I a.AA <jls i — 0 djliiLa ys-i* } £a +0 djl_a±la jiaju CIijjIjj lAj yit- LaiS 

til£ c^Wi^ai .AJlxll jjjlLall Hfc JLg jaIj ClA^Ha]! (jjj 

. y^i\ (j-Q (JjJa3l j-1jj djljlg_^.Vl ^ jW*ia ^ja 1-lHj (jHj djla±La]| 

iCljLa^lall C1 jIjI^_^.V 1 HL (j-o ^-uo3 i}^\ (j-G c^^jujLujI i.'li \ tl^Aj 

y 

U j^l CjlilajJI V i>" 1 g j.^x\ L^jjoxjj cjISISjII l_jjIHaj 

^ A^a^h Clilalij l_$\ <' llVl J jUJ lijl H13 C5-^S • lg,x>iae ) L_J^)3 AJjIaIaII 

olaj.Ul ijc. plg_H (J£Laaj IajaC. <_ 1 u/n IgiV tlAIxS aS^axa Clllalij [j\ ji cJpUaVl 

.lie, ciiLailali (Jj-aal ^^kVl cJ 6.4 assail ^3 Hlj Ia£ ca^HI 

.a^Hl oli-Hl 

^Uaj^ro^l jtf 9.8.7 


c^iaHI ^-sajlx-a^Jl HliA . ^^jLja^xll ^jIjI ^A AHIHI A K AoaII (JL^a 

ag-L*Q <jl ^Aj H1A 2jxjj 4^_iJa^]l IAa ^3 .IjAAo (J£julj ^JjJ 4j£ja1I H ^aII S_j_jlHl 

a^Lui^. i^ja } cjsl <i^aj-aH] 4C_sl_AVl iA ^^Ac- <_£J^a*AI 1 — ^jl_iJa^)x]l ^_j-saa]l 

5= 5= # s y 

1-lHj UUJ ^jAjJaJj jixAA ^3 ajlH (_j-^3 ac-1 ajj'N flLpVl (^yhAA ^3 

al^jl ^A ^jlimdHl ^3 ^jjaL^-jVI Jl^.1 j ^ja».^i \ i .(. 

5! J> 

jHjia ^3 ac-Lud^. ^ja cJH^J IaLaj ^>^1 6^A 1 ag-l.Ajj-N 

tt_fllHVl (^^JAC. JluiA ^3 (_J-aa]l i^£- ^-3j^x^1a\ 1 (jAjg.*1 .L_fll_pVl 

y # 

Jj yp&A (j^aSI a^Lai^. cHlH ag-1 ^y\\ a^A jjlH V JIHIjj 

• (i£ ^^3 (_j-£aall a»Uj.i^k £-a <j^jlLo A t.sihWA Aaj 3^ l.g Ai^aj-sxHl ^^3 1 

^H1 a^lHl CliVljtijl jfiy 1 (j ^Ajgll <jJai^-lHI ^-saall ae-Lud^J yf^A ) 

f y # ii * ]J 

L?' C5^ L>^ a^.Lud^. ^Ac- aj^lc. . ^aLaa -Aajoij L^_jl£j 

c_fl ^joi . L gljl^/l aL^jl ^^3 CIjIaIxa i^ja J)f&) cjsl 4j^\lill aHujjj^) 11 a^lHl CIjIjjAjoia ^ja 

^)3jJJ fl 1A1 — C. QjUl aL^jl ^ JaIxa Jj (jV ^Ij^a jl c_llc.l (J;!^ 
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(jA JaSS _L2kl j £_J jJ (JaLxa lAlLlA . ^aJaLAI (JaLxJ) AjJ (J^J (J>J — (Jj-aSI LJJJ-1 

SaIaII aJL^. ^3 IaI . (JaIaaII lAA Vaj3 jLaC-1 A_xjj1 C!aIa1jla ^j 3 L_J^)lijj t(jAAA]l 

A_jj^j (Jal SaIc. (j^flj — c_aI_AVl (_£ja jaa ^3 £31 — ^.aJoC.V 1 (j-saal! (JaIaa (jl_3 cA_j£^jaJ 1 
^3 (jl A 3V*\^L<A1 eAA Wi . L qj\ll oUJ ^^3 £J jJ (JaIaa Vaj 3 (jA SA^Ij A-A lie 

Al ^ a!1 ^3 — AjaAI ^)j£l 1 ^)jA A q jq^kH ^3 j — 1 qV'i'N.A l^jjA c % 1* \) (jl j Aj V g-1 WiVl JaAJ 

.^jAIxaII ^3 a^)jA j AJ^jIaa Aa£^ja11 

V c^jAIxa]! ^3 IgAA Aa£^ja11 a! ^a!1 ^3 ^jji^j (J^l Ia^aC- a^Lai^. (jl Iaj 

oAA Wi .(JLxijV^ Aaj A_iic- AjA^aC- JajAjVl ^Ja-uJl (ftOrHlcils) ^aJal ^ill C5^ 

^^)LxAaJ ^aII t AjAjUMi ^-iix-aLill Aj^Iail (J^I^aII (J£ja11 ^^3 ^jaLaV^ (JjlVill (jl A A-i^^-aII 
A_SU. ^^3 Ia£ cAa£^)a]1 a! jaII aJU> ^^3 (Jjlii ^iC- ^^jAIxaII ^3 A_LIaa (JjIajj 

^jajIa u' is^ 4^11 cJ-^j-^ (_£a11 ^^jaLaV^ ^Inux.Vl Cy^i '(JaIxaII 
^cjllx-sall (jA <jjl (j^^J ^All ^aI.Qx^H (jA ^_a C^Ija iClAil^^jVl 

A Aj'qj A^Laja Jl Ac-lii A_jjaj c > i\3-iVi (jl A Vi Ax, A A *s.jqx^il (j^AJ 6 (JIaa11 (Ja±ia <Jc- • AVjAaaII 

> 

^tiau A3 ttillA £_a CljVljtijl _jjj\j cJj^ oIc>Aa ^ Vi Vi (jl (Jj 3 J£1 jl 10 

w J> Srfrf 

C_fl3jaj (jl (_A^.l (jA ^>^1 jl 30 l.g*iAj3 a£Iaja 5^Anj ^ij Aa£^)a A j'^iVa A *\ 

^Ac. (jjAtixA lijl tillA . AlVLja^)xAl (jlx'n IajS (3^1 J ^IauAVI (j^. 

Aji.UJl (Jj3 Ia^. A^iaja (jj^A (jl ^5 -^.LiaII aJjIaIa A_^-iixAall ^lc- !)bt3 \’\\ AjIj jj^q‘i'1 

. ^-jLiJa^xAl ^_^)-aa]l jIj! J (^IaI] 

AjA^JI (jV Aa£^)a11 aI jjA\ (J^.1 (jA oAA ^jj^^Al AAj^)Aa ^)A*j (jl 1 nlc. >»_ i^j 

^iC- j A Ag a l^k.1 (jA ^jAa^ll djVlxijl (jj^A (_^1 A^IajaII ^Aj AC-liill c > Uj>l‘l (jAJ AIaA^AI 
A^J (jl A_i3 £^jAJ c^^l J >^H *>“ v> lj j 1 Aaxj A jA^JI oAA CluAA AaI .dj^jjiu A3 A Ag a 

. A ^qjq-n- Ajjjjj -nj-a! 1.^*1 

k- > m 

(j^axj ^)3jAA ?Ia^13) ^Ajl3 1 Vi^aj IaIa (j^lj ^fiA ^^.^a ^jLja^xAl A K Via (jl 

> 5! 

C!a 1 Al_g_^.V 1 c ^nVi J (Jaj-^I] 1^L«ixI1ia 1 (j^AJ ^lill j Ia Ic-jj A.Aijxjj Al ^j^k,x^i*Al jC- 
j/ ilA^Aj . AjAj W ill ^rjqx^'ill Aj^laj JaI^a (jA l.g j'c. (Jj-sa^j ^^ill Cjlil^^JiVl j 
A_^-iix-a (J£ O -0 A^Vl-J-ia^)*Al (_>^a]l _j1a! cJajoiJ (3a 3^ (Jjl Vij ^IaaII (^lj 
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(j-o (jjj! Ui^Aj-gj A A qj£j AjjJa3 . 1 g,a a (_}1g1_xIij Aj£^)-g A j'q 

.l^_i3 A£1 _Ajoi 1I J] AC-lilll A_lialj Aaj 3 U| dlxSj AB ciljl ^_i*J lAAj J J - £a ^ Cr 

AjIgAI cJL^-g q£- \m*<) A Aj£^a 1I A_iiLiall ^jl <\i.s-x\\ A_i^.j!il ^jcnia (Jja c*lljA cIa^Aj 
^-I jJajI c^lliA t<i£jouill oAA t^p-t-ajui (j-a ^aC-^lljj tl-^-Aj . AijLiJa^jxll 

al^)^.l (JjlVi J] AiljJaVlj 4^-i^-j-aJ J-gI jC. jjj . Ig nx*n (J ^IaII Ji l^_i3 ^-lll^j V S^)jj£ 

jj ^ (^aLJI J^-aall L^i jt3l) [24-7] (Pagano) (Whitney) gJiLj 

0^)j-al*-G ClA_l^A^)J (JaJjolI tdili LS^ ®J^ C ' (J^^ll _jHjl C-jLol^. 

. ^jLja^)xll ^)IjI 15^ A_iLliall ^jC- SAjAC- 


AjAjlafl A Ali.! 10.8.7 


A^jqx^'i (optimization) aK*1 o ^\) L<ua ajjSII pl*ljc-VI [>aju Lla! 

1 T^aj Lg£ i^iAj-saJ CjljjilLG oAC- J-gjaj ^jl 1 V^aj .7.7 S^)£il! ^ IaIh^i^^ ^gjll i A.\i 

l^-iJa^AJ t-_al_ilVl (j-Q Ac- ja-^a (Jj-al ^j-g I^jla (JaIxVuai ^lill L_sl_ilVl aLaLg ^ic- ^l£lill 
u *n l CIABj^x^aH ^1 aILuia \ \ (_jl 1 n^A i tt^llA ^ja » (j^c j)V^ (JJ** *u«-ia l.nlc- 

cIjI^Lgjuj ^ u Lilli ciAaL^-jI (2^1 i^\ ^ t l.g x,a (_J-gL*jj ^lill Aa^aj-a-Gll^ t sLilVl 

* f 

^j-G t^JLlilJ fcAj^AA ^jAx^’l Clll^JjjtllA AC J TiaII (JaI jxl\ oAA jA^fc A*j . AC J TiaI! djl^la^)ll 

(Jjix-aLi C_fiAA <P- (J^.1 O -0 A^. C5^) ’ U-J^ U 

. 4 " ^->1 .qx^ii C' \\ (J^-l (j-o I2xa 4 _iLlLi] 1 <^iix^all 


^Jj tSlli A^ajj ;<1!LgI ^al ■ W'u^jI Aic. a^)j.^ll (J^IAaII ^axj A^.jj 4<^llj ^-g 

L_jI±xjjV j C^^-j Aa .<JaLuiJ ^llx-sailll ^)JC. Jj ^g,*Vn L_ ciljl 

A^.V . djla±)all (j-G Lg AAC- ^ 1,'Wi L_fl^joi 4_ii±la 4 _^ t iL-£ 3 ^jl 4<C- ^il<Q 

^jVl ^ V .d^JaljilA 4_iLiLall 4_^»iix-£all (j_^ 'NJ ^jl c. ^ )\, UxiVl oAA 

Aj^I^J ^jJJ^jiali ^A^,j ^jl j t ^)4C. V Ja^a ^.W*Uxi 1 t l^jl AJal.xxijiji (J ^11 A^)^-g 

.fi^)ialllG e* Uji \\ A^jlill A_iLilali A_^iL-all ^jl jA tillA i LUjj j i 90 <_s 0° 

^g ^j^alVill (J^-l L>° A 4 iJ-aj A_iLilall A^»iix-all oAA A^Lgjoi SaIj^ 1_A Aic. Aa 

5! > 

t^lliA «^J4 - ^_jAat_xa^\ aIL^. ^a Aic. LgLgj l qI'iA a ^*Aa ^11 lAA .aILolaII ^jialliV a!£jola 
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1 'll a (j^AJ jS _S X ' K ^ ^ iS^ tAuj^x-o Al±Ia (J^l (j-o A^Iajoi Lq^aC. 

(j! ^Ja llj j 46^)3 jOaII Aj^jiu-aVl A^IajaII (JIaaxjjI ^lx ^)*^*» C_Ajja .IjjLiaj£ jl 

£jJa^ll 11 a (j^a3^p l_AAix3 iAj^iu-aVl A^IajoiII tilL jjA (Jj^l ^JIaVI ^xiAj-aLill 

* > * 

^Lq^^Ia ^)1£1j £Jj-a]l J*J A_iV A^Lajoi ^jj£V 1 £j-a^l C^^^JAaVI 

.OaC 


^3 A_j£^)a dilala^j jfi j!L Ia£ t A m a CjI^Iajoi jpuJa Ax^Ha Ajv^xa II^a ^)3j!L 

aIax <ajjia (prepregger) ^IxlVl %^a cjISISjSI ^u^a jj*j ^jl .oiwl CjI£Lua 

•a * f - > ^ 

c. <a\ < sj .S^lx 1 g, Vnj ^lll a£IajJ1 J^Ijji Ajjlj 1 _^£Lajuj ^Ajj AlJa Ajjj cdjV Jala 

Aja^^II L_Jjudj]l ^-IxaVI A q Uaia Clilalajll £_ix-aA ^)JAJ (jlj .AAjlAa VI ^-al ^liilAl 11 a (Jja 
nj c 1 j . (JjU cJl^ 1 A3a (jfLj ^al Ia t i^ljLja j)j (J^.1 (jA AaS3 ( *— i al_A jU 

j)A 1 (JJa n 11 a j cAAAa! JaAvs a ^1 ^^3 o^)3j!1a11 Aj^jIjxaII ^)j«aLixAl q'sixa ^al ,W‘u j 

lgj\x (J jj-aaAl j)^AJ (jl£ ClAjL^Vt Ax ^ C(JaVl * jl ;AAAaV 1 (_)^al^)xl 

.aAAaVI 3->Avn a j)A 

A_^_iix-a]l (jlj ^tmjjiVI (_gij (_£lll AjaAI ^)A£V1 C—ljlaAl (j^fLi (jl (_j£aa!1 ^ja 

> sS 

CljLllaXA j)A Ia tilSjlllAl ^A I^JLaxIiujI Ia ( j*SA 1 V ^JIaIIj 6 ^X.1a] 1 A j^lJ-lll 

jjl-2 V] J 4 dul£ 1 Ag,A W Ig AjAJ>«a**1 ^Jj CllL-ajJ ^xll AjaJaSI A^-iix-all fl j ^^Ax <Ajla c-ljiVl 

nj .(jIaVI J cj^ 1 " 1 " 1 t> . ^>*»V ^iAj-a!ill Ig Iax.um'i ^)1 ^lill 

A jqJall A_^-iix-ail L_l*lili ^.l^lj AJIaa L-^^xh t^ljl ^gic- ^jIa^)J 1 ^gic. l_J^l-3 (jl 

^JjaII A_JiLdaI! A_^-iL-all jjl AjL^jll (jjju 111 .Ia ^jAx^a"i L^JIa*I1»jj1 c__1C.jj ^^lll 

> 5= 1* 1* 

L_LlA^ajJ 0aIj^)J S^JjujLia ^\j\c. C > V^kj lAAl*i cA_^.lljj ^aJ ^.^juo (_£ 1 (jC- 1^. A a 0^.1 j 
A_ ilj ^3 A jqJall ^L^-iix-a]l tillj (j-° ^ C oKa ^j-ajlx-a^. 

(jl Ajl^ill ^ CiiL Ax. j)V’ia 11 ^iAj-aill CjI^JlIa jjj .A_j£^)a Ajj^ 

5= >« 1* > 

. j^AjJa o.\^A (jl j)^A ]_j t A qjJal 0^)£3 (JjJaa^l (_^A A aaa^oaII A_iiLia]! A_^_iix-all 

Ax j Via 11 L^LiiojU A jljjtVlnll (_^jJaJl (JjLk j)A 1 n\c. ^j^aJl oIa (jia^)3 ^ x nj iciill ^a 

. jal] Sjj^AaII 
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La. 11.8-7 


<3joii3 3^3^ ^JjaLIaII CjUa^^yLftll jiaju ^ja LaA 
^£l J£j^l3j C^-^LIaII (JjLodA (jAx-ol! ^3 1^_1A (JjJafll Silo 4 _a£^)a]1 11 ^a!1 ^ajU^TN 

5= - 5= £ J> 

(J*3 ^^.Ic. jila ciljli 4C_fll£ lljl£3l clu£ 11] . l^_J 4_LaJ^jA l^jj JJ 

Jp^l <ijaaJl ^3 ^A 4_a£^)a11 II^aII S-li^M L_ljl^^. 3 ] . (Ja*J l.g l*,^ Ctilll 

.lju*n A J-ajAA ; 1 g"ry Wi (j^l j c^^LIaII 4_IjIa1a ^j^LjcaII I^-Ia l.\)‘q*‘l 

S^j^jJall 3* .4_L-all 4^1 £iaU ^jaLaVI ^g.^ll A -y WA1 oIa ^l*Wi 

^j-Q . ^^Lja^xll (^j-aall (JajaJ 3 I ^)j Avia 11 3*° Lc. yj 3 I Ia ji 

^jLja^xll ^yaall j-lsu 3^ .lli^j cJ^l 3* 4 jg j-^jlll JajiaaJl ^j^tx) ^1] ^)Jajj 33 ctilll 

A JaVAl (_ja£j .<1^^)a11 oIa ^ AvVn ^a3 c^j-aL^Jl i^UnAv ^3 l.Ag.A (_j^J ^sl lljj ^ i<Q g ^ 

cV ^al 4 Ag,A A i^aII (J^LaaII AaJaiA <Jl±jl£ 111 Lcu3 ^1-aaj tiljlc. ^.at nj 4_jl ^3 liA (_jjjLaV1 

. (J^^juia ^ja ^Ic. aaJl ^A 

^j£aj ^A^l (J^LaaII ^JallA ^3j -jjA^w.*! ^^3 4_mll ^ja*..^v £.Ijj 1 (JI^-aII (JaC. Jia'ij 
(JaL*a 11 Z- S^)3all ^^3 j t ^4 i^aa Ig '&\ j c J£L 1 a 11 cIa j3j S^)j^)jJallj (_}Ail^ 33 ^ U^ 
£J^jaJj ^)J^)JJ ^-jj t/'n^ (JA ^juaaji <A^k ^ ^jj"^a '1 £_ 11 jj Ljl_l^.l . lg.» a 

(j^ cs - ^ ^^LiJa^xll (j-^all cJUIaI! ‘ lij . ^.Iac. 

6 1a 1_£_i 3 ^jA^k till ^jj^Jaj ia ^jla t aJI JVujjVI j c-LiaiVi 

o^jAUall oIa (Ja I A}Ax*aMl (J1 -^»a ^3 J!>j! .AaIa til^liA _jAl^la 

^xiAj-aill djlg^.^A ^l^A Jbiiaj ti\j\c< ^x \\ \ <jl (illl ^ \x\ ^aiaasj ^3 A Ag a 


^ ^3 (3^^^ 4*oA^.1j All t J'^.a' 1 t^Aj-aAll (jjlc. 2_aj 

2_ia^. 3' -^*lj 3' ^H1 ^Ulji ^Ax-aAll ^j-lc- Tn .^lAj-aill CjI ^JVia 3'^" 1 

A-ilc. 3 I jl l) slillVi 5JU. 11 a j cl g, r^Vi ^xj la ^ lU (J£ 1 _iaa 11 ^JaLlA 

.^)lilc.Vl 3 ^*^ U^.1j 3 ^ cd^jaIja J£L1a11 oIa 3 *° cJ^ cJ-^^-l^lj clf^l ( 3 !-^ 

11 ja 1 \ cil^ludj ^Lila ^alj 3 I ^ 3^3^^^ l) - 0 ^1-^lc.l cJ^-l 3 -0 t^Aj-aAll ^>j 

(.** n^k j coIa (_]£Laa 11 (^JallA 3 *° (J^ ^ '^xa l3^)xj 3 I ( - > ^ jjj .<j£^)a11 J 
djl3^-® a jxOaII ^al La .Aaiaxaj ^^3 V ^»1 A Ag a Clljl£ llj Laj 3 c_fl^)*jj 3 I 
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jl Aj£^)a SaIa pugis-a") £j1sl±ul) (j] ^Jc. Ajli 4 A_i1j jl Aj£^)a SaIaI JaVI 

. *A ^ l-> -n. Ajjj 4 \ ^ m ^ ^ i. ^ \ ^3 Jj L 4 y >'l *t -a Ajjjjj 4_ijj 


4-ua!jLLj j*.ja 9.7 


Jsl aA i£ :Iaa Aj£^a1I aI^aI] ^ Kg a II JLgxjja^U jl_^.lliaA l^IIaa 

Al ^ aII dll Jiaa] Aj^)3 AaujLia A4_jl^4jl (*/ u -^ dLi^AJ ^)J^iaJ (2)j 4^ldll aI ^aI] 

£ - > S 

c4_j£^a! 1 Ajjdll ^^dl] ^"Ld Jj d3 J L 5^ (j44JjlAAll AjjIjj Aj£j .Aj£^a1I 

J jlml . J^dlA^I ^^3 Aj£^}a]I AI^aII ^}j£l JLgXJjaI ^d ^I'i^aII 1 x^ljl jvl.^Vl l,Ag, l^lj 

. ©Al^. ^Jc. (j^l^A^I (jjAA 

llLdSI Su*. aaaI jll l^ilS <> ^Idll aIjaU JSl Aii£ ^jL LjA JLa tVjt 

(jjj lAAjc. A \x^Iaa] 1 A J^q'i jli 4(_£^)dl SaIa ^Jl Ajjuiillj SaIa ^>*-uj (jdq-^ n LoAic. . 1 Ag a 

l^jl aJ jLJI ©AA V . ^>ja\ j.s*\\\ L_iic-I ^3 JdAj JaIc- AiKJI (jV ^jja.n ^jjjjIaII 

(jl ^Jc- I-4A AAjoA (jl V^kJ Jj 4 ^Lolx-alill (jAaxJ ^3 Ail^llj (jUa.Vlg a!1 ^LajAI ^aAC. ^jJad 

©A^J (j^AJ Ja . ^aVI AjjAa^ll ^A A-dla^ll dl i\.Wia 11 lg_i3 j^£j <L«aid]l ^dll (jdxJ 
- > ? ; f 
.Ajjujjj^)]! AjjAa^ll 4JUJ1 ©AA ^^3 A qKll J£jd V ^al L— 1 j)\1?a 11 Jdjdllj jl <_^d]l 

mi 

(J }». AjMIj ^al_iii]l £_ilaliuiJ Ja (j^l^ tjjA^jl s-Ldall c^Ij^a 4_al£ j^^J (jl ^JtJjIa J^ An A 
(Jal ^1 ^a ^jl ly^Aj ?Ail£ (Jfll A_lij J!>Lk ^JA Uill^ ^.Ljaall (^1 Aj ^a^AJ 

c_s^\JtJl (J j^.a11 SjIc.1 6_jj_)4-*-u -^*4 j^kV'uA) Ja j 4 jI^aII oaa Ja (j^j cAil£ 

^3-V'urij lij ?^.l_i^.l ^.la2l ^Jc. ^-Ljaall ^)AA1 juj JAj 4(_^ 

Jii_Jullj ^LiaSI J^l (j-G aJUJI AiKiill l n'c. ^ x /n AjIj Ljj'ix.Uii tiljl ^11 ^jaS 

.^jLaI (jLojJa ^1 4 J^jol1a]I 


oA^j ^ q )h ^11 jlilc-Vi 1^43 c > ^,'j ^ja ^)4*4 A3 UaIajaI (jl (jAaJiijl 
J'q *\ \ (jl ^.iLaliiudj .Ia^. 1 Ag a I_jjA Ix^ijl A qKII c > i»,Vi 4.** n*\ S^jLiuill Jia A^.^a1I 

(J^ 1 », 1 ^^3 ^U. j]l L «aj\ll j ^a jJa'VI j aV^^I Ja-Q — (_£^)^.! aI ^A ^>4 C. ^Alla^ll (JiXjoLi]! 

j> 

^JaiLaij Ja :1a axj Jl jj-21 jAsu .~(_^^kl (j^lAl ^s dI^aa a j^j jl ^a j tj^LoVI 

V Jaxj ^Ia^I (_jia^*4 (^^>^-VI aI jaII oAA 4_al£ 4 _ja3Lia j)A 1 ,Vi^aj aI^a JIaIIujIj ^a^j (jl 
4 A VujjV I j}A c. q\**^a ^^4 lAA (jl ?(^^)^VI Al ^-aII oAA ^ia^ J!>Lk (jA A qj'^Vi ^JajjAJ 
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t A-a.^aH (_}-a 3 ljj £aj .aIia&^M ^A-olc. IjA A qKH u^'i j 

. A-a.WiaII jI ja!\ ^j£li 3^1 cijVLa*^J l$ ^y u^ 

J9J ^ja 1 . 1 ^. ^a ^ j)\£Zu^\ )u*^Mi ^o&IAa ^jC- ^_jlii]l ^-^. 1 **^aH ^j-ajjtll <jj 

(J^ A] (Jj^jaoll Alibis (_jAc- CjIj^Lq l^J <j£^)a11 jI^aII ^^.nll 

£-a (Jjaj LajI ^3 CIiI^iaaII o-l^A (3 j^ull 3 &I A-iaII ^x&I .1^.1 3-4^ .<C.^I1a ^LaSI 

^Ac. ClalijAa c<iii^AI ^ tAjjjiJl S^IaII p.lij t 4 _in]l e-lij Jj 4 -^^a S^Ia 

J) 1 g,a jAVq n co^LaII <ja Ajl ia3 Ulc. .iklj Cln^. aIu-Ixa]! 

^jax^Ijcia (jjAL^jl ^3 ^jJjaj tl^Aj .64-7 J^Al ^^3 Ia£ 4<jj\3-»aH 4_m]l (J£jaj ^>~n 

aAj£ 3-° c!jLia£ l>° <jl .^j£^a11 jjIaII $.1^1 ^j^L*-a 11 ^Aic. LaLaj 

^Aj AVi.^JtA 1 3» .\)Qa Jj (Jjj-a ^11 (J^.1 (_ja AVi^a a 

i3i]j .$.\ ^joAI ^Ac- LiA^j 1^. ^jl‘n\AC. jjjolIaII (J£joA1 

A-i^.lj ^ja jI^a (JIa*HujIj <jaAj JLaII ^iij (j 4 ^ 3*11 ^aII aJL^. ^^3 qUu*) 

. Jjjt-iAill JjA J3I ^j'ua'i CjI J J JJjoiJ J C^L^Al jl 
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jiaxj <jj . A_^_i^_x-£a]l A^j^allj ajLo^j ^aJ 33 l_j£^)a11 ^t'VaI' ^jl ^ja 3£Vill <_ja (jajW ilLa 

V ^ . aIajAaaII A_mll aJU> ^3 ^ ^)jj£j 33C.1 a3A *W j ^jjIaaII CliLijlijj 

<jl (1) *l)j^ cj ^JC- O -0 .Aa£^)a] 1 (j- 0 d^jA^a Aj3^)j a^)jj-a]l 

• tplLyi Jc. a^ ^jL JjJ cJaj 'a1ja\ iljJI y (2)j C J£Ua V 
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3l ^a ^ja aJLaC- ^IxAaj e_fl^jA yVo ?AjJai^-iAll Ajlilill c.” )\ ^nJa'i (Jj-ajj Aullxll A_jlll]l 

S J> # 5= S 

$A_j£^ja11 31^aI] (JjJafiVi Ajaju^iMi A_LjaliA]l tillj 13 j 1 yjlj ^ 33 j *Iaj^ ?Aj£ja 

> ■“ 

CIAVVa'I clijl£ lij IaC- A_jL^.V1 ^lliiA y'x'n c." u^nl ^A j 

# & *■ A 

qAj!\ Jjlyjj L_fl yui CjUUdJ V ^al Aa£^)A jl ^A (JA 2 _La 3J C_fl ^JA Aj^^^ILa' V 1 

lM O -0 — AJaLuUJ 3 L5^ ^ \ \t>si\\ UA^^ 

cAa£^)a A_nj (J^ Cy* lAjl^aJ ^.at, Tn CjI ^ j^jjjaII A3l£ ^jaVi — aIasL^JI ^^LaIa 

. A y^x a11 A_mli AJU. ^^3 (JjIaa aJ V ^3 A-iiiL^JI ^3 l^Aj 

ilxA djljj^iuJl a^A ^ja-n l^xjJaJ J ^ja-s ^xaLIiaj LaAjC. 

^XajJ^J ^ xJo J C^il,3 (JllAAjA^ 4 Aa£^a11 (_3“^ (JLaC-V^ (Jl^w a ^3 ^j^jj)^U*l 
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A_i*J ^3 IajLa aljjl^) .ClAj-al^xll j ^jaII (j- 0 ^ojj 

# # # ^ > ? 
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(54 ! is IS jJl olj j5 \> j ^ajl./gj- _ 
324 (216 (72 

( 148 ! 4_^?L>cJl ^>-LwoJl iilij 
385 d64 

( 150 ; osL^Jl ^?-LwoJl <LJ>yc> iilij 

424 

4_ob~l cJLJ^I ob i~S j_«Jl iSU j]\ 
234 (222 (220 (219 : oUj'sfl 

165 

. cab cjlilij 

314 d45 

ob ^s>~ loJ ! 4_!jL<>jLa j-^p oLSLSj 
151 ! (JL*j 2 jI _ ^y\ oli*>lp 

488 ! olSISj 


32 ; i 9 U *y 1 i j^2j La>- 

34 ! o>l j^*oJI ^j^ 2 jL^ 2 o- 

72 ; 4-a.laSl Or .a./? Si i j^aj lyaj- 
74 ; ioLio^yi (Ob-o-Sl 

491 ! 4j-\JL*J| iz> jlzJ>x}\ 

668 (657 (583 : JjUUoNl <Jb 

299 lob^l <Jb 

586 : JLwidl <Jb 

624 ! ^JaJLoJl cjb oblpjJl 

624 ! ^Jaa-oJl o>b cjbLp-\Jl 

619 oUIpjJI 

621 (619 ; oblpjJl 

626 (625 : i*li JSo oIpjJI 

( 625 ; lj. la s _ 5 ^yLiJl ia^J olf-jJl 

626 

44 : I jUo 

300 (284 !.o jj ( 

68 . 

316 . . ( > . 

138 ! j ( j^Jjb 
260 : ,j> (^^Jb lP 
278 ! c 



40 ! ( J»5'lxU A*^a ^ aSw**j 
508 c 3 1 6 : .(_$ t ( _ 5 SL~aL^ 
182 : .J .i t > 

65 . 1 j ^ — 1 1 _j 

54 ! z>~ 

; 0 is ^*>Lll J L_* a_il _ iS j_L^i 

705 t232 

; J_SLS ^JJ jL«_ja_j| _ il_^_>-^/l iS j_L~j 

316 


503 : i_il ^^1 iijJu- 

^ 9 (J^ * A >1 _ 4 )j o >c II 2ij 1 ^ 

471 :^5LivaJl 

68 ! ^Jl jJl — J 

234 : J\i}^\ il jLJl 

54 : jjJJl _ jjJl ijjJuJl 

22 : lSyJi\ il^Jl 2] jJu- 

21 :^Jl5LJl iijJuJl 

A-Jt ,'a ./9 1 j»L*Jl 13L^>J I iS j-L~Jl 
311 -.kJub 


50 i^LJl 

51 ! aIjUws 

: aJ> il j-«JJ ( _ s 5^JlSL<Jl iS jJl~JI 
513 t46 t24 


711 : ^yj^y i ajl*«a cjiiiij 

1 56 ; ^jl—JMLj 5 1 j_JLoJl oLiLs^Jl 
135 i 133 

140 ! Lj ja»ca ol yiu Jl olili jJl 
109 ; o jj <. 

t275 t246 t26 '.jsJjj .i_j t Ojjj 
300 i 284 t282 

147 <■ j^tjj 

435 ! .o t (_5-^dJ 

316 : . J i y^~jj 

145 ! c_jL-1JI _ ajjIj 

200 ! aJU jJl <u >- jj ajjIj 
161 1 160 ; ajjIj 

40 ! ^ys^jLi^aJl 
47 . ^pujUa^aJI 4j\i jJl 

67 : ^ j 


- cT* “ 

39 : AjbuJl _ JU- ^JVl dlsL- 
44 : l>t^J I lIJj L~J 1 

37 : aj^I _ JiCJl dlsL- 
638 . 

40 . AjllvoJl aJLp A^^w*j 


817 


633 1 63 1 ! 

C 120 :^j/U Jl iljJuJl 

271 1 246 ! . y* (. oL>5Cj^jo 

514 

171 . 

C 215 SLJl ^JlSLJl il/Jl 

514 

33 : ^iJJl JLi 

435 : . J .j c yL^s jS\ y^ 

93 c 9 1 ! ^j^*5Cw«l^O (Jl jUs>- 45 jZ 

1 3 1 7 1 3 1 6 : 4-a.lall 4j»r.i.<gll 45 Lq-x 

^y j L« S' 4S" LsAjI ^lijl 

390 1 321 t320 

90 : cr-i'j j^JJ ^ _p 

187 ! cjj L& d) jj>- c d.*---o-o> 

115 : ijji 45 jJ; 

533 ! . (J C y}*Xjy^> 

91 ! ^jjLa S' jJ 45" 

20 • 1 ^y ^ C ^ j»? 1 

100 ! ^yZj\— ( J^j jwL_5"L-« 4_S" jZ 

103 

533 ! . o . o 
1 570 : ^ yg : ll 

105 ! l)L«j j& j aS" j-Jo 

1 580 c 578 1 576 t 573 t 572 

i ^3 4jwi»>cJi -i?j 

450 

697 1 638 <. 593 c 591 c 587 
i 24 ! 4-^S" ^oJl ^Jwygj 

juL^> ^3 4_>jj>cji j^j jjj>\ 

452 

571 

t237 c 208 ! . c ^r_ .._S s_j 5_l- ^ 

52 c 35 t34 : ijjJJl oL^I 

253 t252 

607 ! (J^ 

533 ! .i3 t 4^i 

662 . jL~- jJ c 

- J 1 - 

302 : ._* t 

t252 t237 :.^ t a 

144 <, 66 : (j^JJl) ^ jJJl 

All t253 

70 : il _^uL«Jl ,j, j-iJl 

251 . 4»»^*< 1 4»ol^»5««P' 

56 :JjLJjl 

251 ! 4^j 4ol yZ CjISC-Ji 

533 : ,^_j . j l 

250 ! 4_>o 1 4SL^Jl 


818 


4 35 1 : 3 4 . 3. ]g ll ^jl a ./9 Jl 

703 1 551 i 502 c 501 

o IjJLa 1 4-^a.JaJl ^_jl a ./? li 
^^>-LwoJl 3.}J_*JU>Jl oLs^JaJl 

352 

( 335 ! OjJil-LJLoJl 4 . i , L ll ^cJiLa_^aJl 
473 (336 

oli o 4 . 3 . la ll ^c-jl Q .S3 ll 

341 ! ^y^LuJl kJi'A j olili ^Jl 
oli 5 jJiLjJL^Jl 4 . 3 . la ll ^c-jl Q .S3 ll 

(473 1 455 (453 : SJLsU olilij 
502 (492 (476 

oli 5 4 . 3 . Ja ll ^c_j 1 

1 340 1 336 1 4_Jl .<g * < olilij 
686 t 535 t 500 (426 (403 


“ J-* “ 

472 .j_oljLoJl ^jI 1' 

1 25 : (laminate) 4-JL-iaJl 3 ya ll 
(.311 c. 163 (75 (73 (55 (53 
331 (314 

oli 4 . 3 . Ja Si g-JSl <3 ./g ll 
41 

4_™iJl (_JjjJl oli 4 . 3 . Ja ll ^JtLi2_y2_Jl 
641 : ( jy>jJL 

353 :^LJl 

355 : 4jjl^toJl <ujLiaJl 

! j-isLtJtJl 4_*^S”L*-a 4 „ A .. la S' 4 . /? ll 
703 (473 (346 


oli 3 4 . 3 . la ll ^_J L_i2_y3_J I 
360 ; 4_y?L>Jl 4_Jl ./gioJl olili j 
370 (368 (364 _ 


jJaljjJl <LJLJaJl ^jLayaJl 

! 4_IjLoJt^ olili jJl 

347 


oli 3 


Ja ll a ./? ll 



Oli 3 4 . 3 . Jg ll ^_jl A ./? ll 

j-a 4 j-a (OJ_*JLa oLd-Ja 

(340 (339 :^UJl ^L^Jl 
501 (473 (453 (437 (436 


oli 3 4 . 3 . ]s ll ^_jl A ./? ll 
j-a 4 j-a cOJ_*JLa oLd-Ja 

342 : i,UJl ^LJI 


Cal.} jJalcJl 4_*~^S”L*_a 4_JLJaJl ^ala^aJl 
(350 (349 :3 Jl$LJI olili^l 
(496 (485 (473 (466 (453 

508 


Cal} jJaljcJl ‘C-S’l*-* 4_JlJaJl ^al Q ./? 1' 

(349 (348 : cJUacJl olili^l 
(473 (467 (463 (461 (453 
(506 (493 (486 (482 (478 

556 


332 ; <u.Jg:i<Jl j-p 4.3.]gll 


c 


13, /all 


819 


ol a , \a ll oi 


A.e.]g]\ <L 


470 t453 : jLo-VI 5k^ 

ol a . la ll oJ-nJLa 4 . a , la ll <L>t_wja_ 

c 454 ! o— Jl 


490 t473 i 456 
602 ; coLJl 
634 : jl^JaJl apL^? 
613 :oLtpJl 

_ Ip _ 


CjIj o ‘\_w5_JaJl 1 _j2_ v 2_J | 

4_lo ^1 C->La-J^ 

337 :^LJI 
332 ! 4-oJaILoJl 4-JL JaJl 


oi: ‘U. 


.l;_y._ 


4 — 5 — La 5 1 ^c_$ l A -y2. 1 1 

.343 ! 4_j jl^_) aJjLJI olilj jJl 

503 




ob 


JaJLL-oJl 4 — a La_ 3 1 ^_$Lj5_v2_JI 

1 371 ! <Ls^U>cJl iisLJl olilijJl 
437 .409 .403 .376 .374 


652 :5iUaJl 

355 ! 4jw0>c_^Jl 4^5-JaJl ^oLi^aJl 

243 : Jl*i;^l AiUa 

4_lwJaJLwww« CjLo2-Ja_]| o.i-A_*JLd Lj2_s^ 

4_w>*}Lj O j_j2_L-o-J| 4_o2_Ja_Jl 

504 ; <Lil.<gL. olilij oli 

334 c 333 :i^UJl 

4_iJL>eJL« 4 _LoLoJL« 


! 4>al*Jl 4 jl2sJ1 

334 

. *lL>LoO« j^p 4 J 2 J 2 JI 

335 

332 ! ^>-LuJl <QoLw» <o ajlJs Jl 
248 '. ^a+0+W l-j jJULjl 4JL 
287 ! <J jJaJl 

423 ; io j).,^ll » jI ju& 1 o jjbUi 

-L- 

435 ; cjL&JaJl oLsi’jbJl 


458 : 

445 .438 :aJ^J! ^LL^Jl 
379 ! iowLx^oJl 

75 ! oLfo^yi <LoL>-! 4^JLiaJl *✓?. 1 1 
315 ! *LoLJL>^M 4»JL JaJl 4j>r, > i 1 1 

wJLAp- 1? oli j 4_JL 

312 ! L/?.^3 

314 ! 4j2-Jg.] ' 4-o L j 4-^fl-JaJl 4 j>c^jLs42J| 

IjwoJl 4>ljLoJLa 4_^LJaJl 4_>c_o3_.s^-) ' 


74 ! j 4_o Li 

! lOLa-JaJl 4-JLJ2JI 4^6-^i-^aJ 

569 . 539 .436 .435 .314 


820 


44 : JiLJl jlJcJI iJu^- 


276 t273 :jjL>dl J-U 


525 iJu-p 

581 <. 576 . , ^ I ,-y - ^ ! 1 
250 t235 t220 : ^x*Jl 

591 :oL»Vl J-I^p 

605 t604 : *l£ol J*»l ^p 



559 i 71 :oJI>Jl 
77 ! ^JIp o~il 
522 1 302 : .J 

525 : .] .1 


62 


: gjl Jl 




31 : (_g Jj*Jl 


49 ! 

419 : oIS*>Ip 


«. 124 


oli“>L p 

00 

C 145 _ 140 

00 

<N 

C 126 

c 2 1 0 

1 194 i 170 

<, 169 

c 150 

t298 

t243 t242 

t239 

t226 

t437 

1 4 1 7 1 320 

1 3 15 

t299 


731 

i 542 

C 514 


: Si IS ^JJ JL*_«JI _ oii'ib 

54 t25 


23 : Uj^ i ^jy> 
645 : . a <, Jb'b/ jp 
292 : .j» iji 

_ ti _ 

435 : ^^Jli <• 

oiU>JJ ((_5 j ^UJI) ^jL^JI 

29 

59 : (laying) jk Jl 

440 c 3 1 9 1 3 1 8 ! cJ jSj^S iwi ji 
539 t 537 t441 


j~s- il JU-aJl _ ol i“>lp 

120 ! iljUws 


249 


. ^oJl ^*-lp 


Cr 


"! £ 




83 

65 . lj I > >p 

66 . ■./?"! I *jijL3^p 

82 ! Jaj jJl CjLXa-P 

58 . 1 y 1 <uA^p 

110 : JoJJl 4 ^wLo-p 
64 : oIsIaUI J-S^U <LLkP 
551 : -b iJup- 


431 : olaJaJl ,_j-A3 
531 : c ji 


821 



61_59 : (molding) U jjjJl 

716 : (_g yj& ojji 


105 ! Jlo^/L ^Jl jJl dJ j5 

41 llSUjjiJl 

21 : 

^j/2j L^2 j>c_U do oLUl! 

521 1 34 ■>>} y,i\ 


72 ! aJIloJI ^3 

71 :iLJl JU iVjiJl 


72 ! o*L~o>Jl 

92 : Jj^KJl ^ jxJl 


81 1 ^.ILoJ 1 A^<>«3 

435 ! .j td 


438 lijUJl 

37 :oN yUJl 


_il_ 

♦♦ 

- l3 - 


1 ^_oJl 2_^Jl ^oL^Jl 

t258 t234 t224 : KJUuJl SJl*U 


99 

266 


533 : .1 t^SKoK 

65 : jiJl e_Jli 


27 c JS^K 

133 : (Betti) ( _ J lo 0 jjli 

«_»USl 

1 J . ya :: 1 L> la c-S/ 1 ULKJl 

699 ; <1> jK 

" 

** 


285 

533 t26 : t i _ r oj^ r S' 

99 : ^UKJl KKJI 

122 1 120 : i)jj& j^lli 
42 : olj-JLSJl 


652 :UKJl 

44 ol jK 

108 c 85 <. 79 ifUJl SiLJl UK 

43 ! ^L>-jJl o>l j+Jz+s 


616 

44 ! do Ol jrO^ 


82 ! aLaI*J! jJI Ails’ 

120 : k...-Jl ^KJl 


533 ! .o> o> jj l j^ij jS 

278 i.SilKJl 


207 ! .j .u <. (J ji" 

33 ! jl jlaall 


533 ! . ^ c ^S” 

724 ! ola j.a./a<J 1 e_-_Ls 


278 : 1 t JK 

431 ! A3 Ij>cJ 1 ol j-Ol3 


822 


! d^Lww^>cJ I aJs-^I 


Ji 


)| jJLa <4^S jJ* oLa 

276 c236 


38 


* A*j jj^SsJl A3 jA^/S^S 1 <oLa 


669 :.l .J iJU 

477 ! 3 t 

^JL>c_^-LJ A_Ul t2i— 1— o-Jl Oj^lw^a 

20 C 19 

651 c200 :SJliJl 


33 :Sili£Jl Jl aJLuJI 
38 ! f -\ Ajbla 
38 : JsUl £La 
165 ! ^>-ILqJ| 4_o A 3 li jJl AjLla 
286 c285 c278 c277 : Jl^JI ilia 


383 c379 ! A^iLJaJl Ajlxa 

cUjUU j]\ A^JL-laJl ^cjLa^JI aJ I jLa 

391 : aJLs^uJI 
277 :JaJuA)l AJh, 
287 ! C-i-JJl oL>cjl ^3 Ajl^a 

164 ! A-oLs^ AjlioJl 
166 ! -LsiJl c>J *L*j L2> I AjlxoJl 
166 ! Ja^yaJl C>J A-uLs^ AjLloJl 

624 ! 4^aLp J-U I Ajl^a 

1 182 <. 176 1 167 : u/9 a II ^LJlj^a 
194 t 192 


- J - 


304 ! .] O yjj l jjj*)! 


i 320 C 152 C 132 :^LLJl iJb~*>Ul 

442 

132 : LUil SJb-^Ul 
302 '. .j t 
44 '. ijUl ^i.^a Jl j»L>J 
622 : J^iJl fUJJl 
59 : (winding) l_aUI 


58 : SiUJJl 
457 ! (_£ j^A t 

607 : £jyr ‘ 

520 c 152 :.£■ .^ 

509 t462 : .j .1 t LJ 


136 ; .a .i_j t 


— ' j * — *> — -j 



521 c 107 iAj-ijSfl S->L 

C 134 C 125 : ij -^Ll*JI S_J*>U SiL» 

142 


124 ! J^oJl S^JTAj oilo 
62 : ^JUJI SiUJl 
29 : iSjJ ' SiUl 


268 t235 ! Si jJLo ‘uS* y> oilo 


823 


249 ! oLS" y* 

62 ! l a 1 i a-J y iw^S " y 

426 ! aJj j^>Jl 
55 ! aj>-j U l aJj 
312 • ^ ^ ^ I ^ y ' aJ 

312 . y+~*JL. y L*J I aJ 
127 1 124 : >ldl ^ 

92 :^y\ <——) l«J 
43 ! jOoJ^I (_; 

cJ_JJl ^ iU^_^Jl i^jU^ 
224 ; is 

69 : ^jl y>Jl jaJdl oli oli 

719 1 35 : (Matrix) is j.Ljs .< Jl 
508 ; iJ^ti^oJl is yn^js^a 

721 ; list 1 1 is 

: j_gjl __ r >Jl i J, .si : ll oli ii j a .„■? <Jl 

67 

43 ; A^j>t^jl j A3 yO^a^a 

150 c 148 * J^iJj ^ ^j3-yg» 

c 133 (. 123 1 122 ; o*L~>Jl Ai ja^a 

134 

1 149 ! iJjJti^Jl o«-L™^cJl ii j a .„■? .o 

508 

134 _ 132 1 123 ; it-jlk^Jl is 

721 ; oJi>- jJl is jb.s}a 


284 ! is iJl iiAa 

285 : ^LUl ilb= 

! cJU^L ol jJLoJl <u 5” ^oJl oiUJl ijljta 
283 1 279 1 2 1 7 

192 c 1 64 ! ijjjj>i^>Jl iibtoJl 

166 : oiJl 4i^>2) i)j^>c-oJl iibt^jJl 

166 - Jai - : 1 Oj>cj i)jjj>wJl i)A<jJl 

1 7 1 1 59 1 56 ! iJL^Jl 

46 OI 4337 491 478 4 74 4 72 

642 


488 4 191 : oUl>I _ yuJl 
4 462 4 291 ! <ujjji 

467 


650 


: oLlkt« 


.609 4 608 : jjJLo_^tJl 

616 4615 4613 


249 ! ^J^aJl ^1™?-^! ^s oL™Jt^oJl 

4j> r . i S' ^S (,5 J-i)^ iL*^2J>^ 

4334 4322 4321 : i : i . k il 
4436 4358 4350 4 338 t 336 

442 


j -1 j~*~~ ^ ^— ■ o- 4iLLoJl 4 t ^ 

20 4 19 ; ‘Utidlj 
249 4 120 ol^l ol £j> 
249 oli> 


824 


1 153 (. 152 ! c_3 o*A-»L*-> j 

158 

61 ! 

325 ! I o^Lwj>Jl o^LoLsco 


I jl o?-L^j>- 0*A-«L*_>j 


4 329 

4 326 

4 325 : 

; 11 u - ..1 

4 384 

4 356 

4341 

4339 4335 

4 454 

4450 

4 448 

4437 4436 

4 478 

4 476 

4 468 

4465 t 464 

4 496 

4 492 

4489 

4487 4482 

4701 

4 699 

4 629 

4502 4498 




702 


325 : 

1 

op-L ~s>- o*A>»l-*>» 


167 

: ^ !l 

op-L ~s>- o*A>»l*-« 


358 ! aj o^Lwj>»JI 


c 160 ! o^L^>Jl o*A-«L*-« 

316 

358 ! ‘U-o LioJl o^L^>cJl cj*A^1-*» 

c 32 ! aJLl^JIj o^L-^^j>c_]| 

311 c 2 1 5 1 183 1 169 c 134 

c 123 ! <LpjUa^>Jlj of-L^>cJl 0*A-«L*~« 
217 c210 t 206 c 130 

! <^S j_^_]| ^1 Cj*A-«L*->j 

314 t 171 

,_J>-ljwo»Jl 4 .J— jLo-L>J js ^_P O *A— « L_*_>J 

154 : 4-o*A5 43 Li j} iy^UaJl 

217 ! Ajj ^oJl o*A-«1-x>j 


109 ! <1)Ijjj J\b £yj2j> 
36 ; oLMk Jl 

co ^jIa^JI ^3 1 

767 t448 : oLLkJl 

768 1 45 1 loULkll 

i 486 ! 4_Js>bJl *L-L^?UJl cj*^JL*_JI 

514 c 497 4494 

cOJ_*JLa ^cJjltf .,/Jl ^3 Ojl jJl O J J 

757 4442 loULUl 

! 4_-^j LJl jjl jJ ^uJsLJl oN ^L*_Jl 

753 

4218 ! ^ J^uJ _ ^j_wJ L _a ^ L_*_a 

4265 4259 _ 257 t 238 4 221 

267 

40 ; 4_JLxJ 1 

253 ! ^jL 2> jJl ^J^l^-Jl 

233 4231 4 131 450 : ^Jl J*l*» 

258 4256 : jiljJl cJJJl 

258 ! dS ^Jl ajUl 

258 ! Jji 1 jjl J jjt^aJl 

4 158 4 131 _ 129 449 : iJj* 

4240 4233 4231 t 225 t 224 
709 4247 4245 

152 ; SJjLJI ^jJl cjTJL*- 0 


825 


417 1 253 1 25 I LjUL- 

237 ! aJj A jjLio 

254 ! Aj jJixJl Cj l_Jj>eJw<>J I AjjIJLo 

225 1 25 ! t2i-ol_S\-w« a_>jUL« 
245 c237 1 23 1 

29 :(c5j/UI) ^LiJl 

232 1 30 ^UJl 

336 1 69 :^UI 
36 ; frl./g&il 


239 ! a5w^«J 1 olj ^5^3 

255 ! 4j-IpIa]1 cjU ^5^3 

131 : Jl_3^iJI _ ,>L«_>-^I 

279 c 186 t 180 

131 ' 

300 : ilLJl j^j, 
20 (. 19 ; U io 1 4^>.]g).oJ' 


32 : LsLU)fl il^Jl 
32 _ 

32 ; j_2buJl _ 

32 :iM>3l _ 

Ljl y>- i Jl .<g^<iJl JsjI jJl oli 3 1 jjs 

607 


Ljl ia_)l jJl 0 I 3 3l j-33 
607 1 70 


! ( _ 5 _o_la_t-'S/ 1 3Lg_>-Nl jLaj 

199 t 195 _ 193 t 191 c 189 

i ^o.lgp*yi Si (jlii-J jLj<^ 

188 

I ^-4. la c-V 1 (_J 1 * a_3 ^b/ 1 jL_3«_i 

199 t 195 i 193 c 189 

c 189 ! J wwaj — l5^— jLw^_ 3 
4 391 4 201 c200 4 199 4 196 
676 i 650 


395 ; 43 li jJl (_3 La2 »- jLj<^ 

188 ; 4-1 43U3 i>4 jL^4 

188 ! (j ji ^L2j>4 jL^-4 

_ L~J (j J-4 jLw*-4 

207 c206 t204 4 189 !jj 
_ 200 1 189 : tjl-4-3 j_a 

650 t202 

299 4 291 jL^ 

649 ! ,> --o. I 
204 ! <LoLj 

186 ! olL^a 

186 ! I oLili -4 

164 . 4jljU>Jl 
240 ! -LiJl A4 
526 ! 0-o2j j& 4jjLa 4 
658 ! 4L^>-*Jl 0 ja Jl 4jjl A4 


826 


1 i. 3 LJ 1 dol,i 4_o I 

71 ! 4jloj o&L ~j>u 

Ja jIj ll olj Jl 

605 . ^ 

. ^La-jJl Col jOL 9 Col.} 4-2T ^-oJl .il^-oJl 

43 

: ./? 1 1 J la a ll oli 4_Js j_<Jl il j_oJl 

704 

; jjAj jj<Jl j la a ll oli 4.3’ il j-«Jl 

704 

4_9 j a yg .o. ll olS 4_wSj_oJl il j_oJl 

70 . IjjI ilaJoJl 

31 ! 4^axjla../all 4^5" ^oJl ^1 j-<»Jl 

38 ! 4 .a.la 1 1 <Laxjla.,/all <uS" ^-oJl ^1 j-oJl 

ol __3_S_oJ 1 4-^ax-jl a ./a ll 4-^S" ^-o-Jl 
_ 70 t59 _ 57 1 52 : oLJSfL. 

246 i 89 c 78 l72 

oljj a ^ ll 4 ^a_JaJl 4 - 7 , ^ Jl ^1^_^ ll 

1 157 c 1 19 t46 t29 : oL-lSfL 
276 1 27 1 

116 :oULil)n J ISjJ\ il^Jl 

! 4-0 ^>oJl Ol ^jUaJl ^3 4-2T j_oJl ^1 joaJl 

94 


100 :F-18 0 _ 

103 ! ^ojL& AV-8B jj o _ 


.129 c49 :^L^J! 

328 c 141 c 136 c 132 

45 ! A*5wj 1 j^vJl 

.50 . ^s>- Lowo«J I a_Lj ^ ^ 
158 t 140 <. 124 

266 . A-wvo L>cJv^J I 3 I 

.135 c49 :^luJl aJuLw. 

328 t 158 t 140 


l 42 c 31 


a-^S" 3 I 
269 


^3 <Low\_*_o*}\Jl A^~j>sJ| 4-S ^oJl j_oJl 

42 ! <LjJ^x~a')} A3 yA^A 

^3 A-o J_^oa *^>\J | A^-wJ>sJl <lS 3l j_oJl 
45 ! Oixa A3 jJj+j9,A 

^3 4_OwLx«<>Jl <LwO> J l 4_jr j^oJl 3l ^~oJl 

43 ! <L->JLaa')1 A3 yA+./A,A 

^3 <LoJ_*_oJl 4^5" j^oJl 3 ! ^~oJl 

44 ! <lo J^a A3 yA^/2A 


_ ^*>1 wAf^l CjI3 



45 : ^wLo^Jl 

! ^_3LJl cjI3 a *S ^ooJl 3 I ^<»Jl 

76 

JL-JVl oli i_-Jr ^>J! 3l ^Jl 


105 : B-2 






It - 


43 ! 
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105 : jbl jJJ il j^Jl 

19 : (2007) ^yi\ ^J>JI 
725 c 719 

726 ! cjI jj^oJl 

c 180 ( 27 . • -A * ( o 1 Pj^— a 

561 (500 

31 ; ijl Jl 4 Jl«5 jhJI 

30 : kS il j^Jl oj-^ 

1 525 1 524 1 25 (iLJLSJ^ 

533 (530 

c25 :(^L*Jl) ^jJU\ diJlSLJl 
(223 c 2 1 6 c 1 19 c 1 16 (48 

307 

. ^-^J-*Jl lI-Lo 1 


C 215 

1 116 

00 

■^f- 

(25 . 

. 23 

(238 

1 22 1 

1 2 1 9 

t.218 

(216 

1 533 

1 307 

1 306 

(267 

(257 



704 

(703 

(607 

C 5 15 

(222 

: kS 

iljJl 

clLolSwJ 




719 

c578 

; LiJ 

0 1 ^JLoJ 1 

^LsS" ^aJ 1 

iljJl 

dLol5wj 


435 

238 ; il j^Jl dLjLSwj 

- j - 

207 :.j ( ^a| j^ajULIjU 


104 : X-29A jUj^p lj> U= _ 

94 ! Ojli o jjlb — 

97 ! S-3A JL^S j] o _ 

105 : F-22 ^'jU j] ijUo _ 

! 4-oAoJ| ol ^jUaJl ^3 jaJ| ^1 j_<J| 

106 

110 \111 0 _ 
109 \ olJjj ® J>\b — 

106 : L -101 1 jJ s^slt - 
l 113 ; oL» j_*JI ^_3 <^S 

114 

<Jl^g ^oJi A3 j) 4 */?,., 1 4^5" j_^Jl j-oJl 

70 :ijl^>- 

1 Lj ol 4 a 7 ^_-oJ ' 3>l j^Jl 

53 

252 c32 c31 : UJJI al^Jl 

l 45 . jl ^ I OwL*JL« 4-^5” i 

238 

29 ! s\ j-oJl 

35 . j/* 

381 ! ^jXa^S I A3 jJ3^2^S\ jA 

66 . Aj ^Jl A3 J ' 

66 c37 ! ‘uSwslj^s^Jl a3jjW2-<JI 

66 ! 4_u jjj£}\ A3 jjlv2-oJl j>s 
66 ! 4_o A3 jJL^La Jl jA 
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300 ; j 


480 (.475 c439 : ^LpUI 


(1) j-<* — ll ^_J^_v2_Jl ^ 1 

288 c287 

^~oJl OwL>tJLa CjLjI *y i 

247 

304 ! Ojjj 
251 ! LJj>-l^ 

252 . 

258 t252 : J~* 
114 iioN jiJl 
114 ; 4-Sj^Jl 
635 ; jjjlj-; t 


«. 131 _ 129 1 49 : 
t230 t229 c 158 c 152 c 138 
t257 t255 t244 t 243 c 23 1 
426 <. 354 1 301 t269 t268 


139 . I 

24 ; 5«-L~pJl 

446 (.Ukl 

c 3 14 l 25 ; ij-LJ-AiJl i - ! 1 4 j j_iaj 
t412 c 358 1 330 i326 c 3 15 
545 1 537 c 5 14 c 416 t414 


186 ; 4jj*xUl 4 j jlkj 
228 ! 4jj j^>Jl 4j ^iaj 

719 l olijfl./goJl <u ^iaj 


36 : jjiJl 

ft _ 

539 ! Ojjl-** 1 t -lLo2jLa 
23 i cl) 1 <. 

275 1 27 1 t246 : J\j c^U 
258 1 178 t 

533 : C La 


222 ! oL j-^2j 

25 ! 4jlioJl oL Jk 2j 
481 ! ?-Lj>cjI <]g-Aj 
245 ! ^IsjL) 

73 ! ^^>-ljwoJl a]ojL) 

in '■ jiJi 

; iiiliJl (_gi ^JLoJl JJj_Jl 

111 


180 ! j^ss c 
26 ; 4 j^3jLa c OjjLa 

556 c 553 : JPU 


304 c 291 : illku-'yi J*<J 
297 c 291 t290 : ^UJ^I J*<J 
304 ! ( j^axil Ja-oJ 
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572 

643 1 642 : ^.a.]g]\ ^5 1 a./gl I o“>L^sj 

645 t643 lJUd'yi o*>L^j _ 

647 <. 643 :^Jl o*>L^j _ 

ijl ./? " IN I j j-JLj o“>\w?jJl _ 
648 :Lo 

; ./? Si ^31 aJI ijijJl 

43 

26 ! lIjj ji c lIjjj j 

C 182 1 179 : .* c^j l_,j 

t494 t489 t462 c435 c25 1 
550 t542 


32 ; 

250 : .j .J t 
509 . . j c 

448 ; y>- <. 

260 i . J . j c Ojj 

— J — 

C 533 t477 C 181 : ^-5L= 

669 

452 t iJlj 

652 : jJjJl 
594 : jjJl ojjJl 


830 




(i) 


Aj^jlaj jmj . dlV ^L xaII £a (J-oUtill XiC- ^jj^aII j A-aj^^^H ^ia^jj Aiij 

_j nxjj .1.1 S^aill ^3 1 g.‘nlaxi ^aJj ^JaaJi S^jaIja t.** iIjIaC. <C-^a^a Aij^^iAll 

<ja Ij^C-Lx-aJ A_i3 ^ jIjjj L QjUrfVi 2«1 ^cJIxj ^jJI jPjaII jjajj 

^^jVl AjJ^)a]I ^JA diljp^^A^ CjI^IiaII J AjJJaII (JA dll^p^A^ jl.lC.Yl 

. IaJxj Ia j A-iilfill Ajj^)a]1 ^ja CIiI^j^aII 

(JIaxIIujIj S j£j Aj£^)a]1 jI^aII ciijl^JA A-ioiljJ A-jj\jx>alj^)]l CjIj'axII J^lxTi 
(Jja iW'i (_j£aj Ail AjjujLaa Sljl L2lc- Cil JJ jaSI Aj^)laj . Clili^aj-aAll Aj^jiaj 

JI^aII ^ajU^TN QS^XA (j^£j La£A .S^JJjSk S^jLuia. (jjJi ^-^-IaII ^jjA^ill 1 JA 

. ^jj^aII A-jjJVn LaIa £_£^)lii]l (_jl^ 131 1 a j 1J L^jjJa^j Aj£^)a11 

cjli i jiA 1 . i 


AijWaati uAjjbu 1.1.1 


li^Sj-a m A^jjaill i-*\\*ia 1 . ^jj-alixll ^ja AA2a!iiaiA (AlTcty) A^Jjoi ^A Ai j<U.^a'I 

.(m,n) a^j-JI AljkL^ Ai jix-a^ ^-Ax*ij j (Columns) s^a&1 j n j (Rows) 
a£^i! 1 _jj-*aLic. ^^Ajuil .n ajj^aII ^ja axj^a Ai^ix-aA a^jjaII ^-ajujj cm=n ^jl£ (Jla. 


Ajj^)a11 ^ja J^axIIj (i th ) i AjL^jaII ^ja c_Sj-all ^3 ^x-alxll jj$\ Ajj ^)a^) 11 AJaxjjl^j [A] 


; A^jjoi Ai^x-aAll ^) m*i t liA ^ja . [A] (j ^) j 


M= 


A, 

A 21 a. 


x 12 


22 


4„ 

A 


2 n 


(1.1) 


A_, A 


ml 


m2 


A., 
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SAaC-V1^$ (_ja ,3A<_]1 Li^IiaI 11) inis [B] _j [A] (jt. & ua (_£ ^LuAj 

I4jl ^\ tAlsljOAll ^ja'N 


A = B i = 1, m j = \,n 


( 2 . 1 ) 


• ( 1 ,n) aIILoj j ai^. j L Q i ^ t, fli ^ 4 ^ i ^ a l fl\l*V) 

[a]=[a,a 2 -a,] (3.1) 

:(n,l) SjGjJI elilaj j jja.j 3j^c. (Column Matrix) j y&- Si jL_^ dllLi 

'A, 


M=M= 


a 


a 


(4.1) 


^Ic-) <La1_c- J^ac- <ijqx^A ^j4j (Braces) (jll^jj-aL^Jl ^Ja*!1uA Aj 

. (l_A1£J1 11a ^^3 Alii (JIajAxJ ^a^c. ^JA ^C.^1 

:T (Superscript) 4 jj 1*J1 ASaiUI 3JaJ jj <i ji^^A (Transpose) J jSi<J Ja jj 

^11 ^21 ■" -^ml 


M r = 


^12 ^22 ‘ ‘ ‘ A 2 „ 


A ln A 2n ••• A n 


(5.1) 


.( 1 . 1 ) aJ^LxaII ^3 oAaC-VI j <« aj)^j>^ll cJjAjj AJajoil^j A, j\c- (Jj|x^*a*s.\l 

^gJ) (_£^Jjuu ]1 Ijlxll Ajjl^ll ^JA (_£^)laa]l Ja^jl AIaJ 4 < 3 tJ^)A < 3 ^ 1 x-£aA ^3 

.Aii ^Jj-alixll Ja^Jl c.^\V‘iaj clj^j .<3^aj-£aAil ^.‘iajII ^Aijoill Ajjl^ll 

(J;\ ^^) 3 -»qll Ja^Jl (J S^JaLilA (<*j^)a] 1 ) o^ial Via 11 < 3 j<U.^ia 11 AHIajj 

•3 

A,j = Aj, (62) 

.[A] =[A] T (_jA lillj (jc. AAJjiallj 

i ^\ 1 1 \ i ^>1 *<ci ^ ^ jLaU ^jlj^)a A 3 ^jAx^aA 4 tt m l 4 A 3 ^ 3 a^sa ^ J**< ^ < < 

Ja^Jl ^)j-aLlx]l ^.ja'S (jl (_^ 1 ) ^^)Jaall Ja^Jl ^jj-saLic. ^IJjjjaIj 

l(^)^J>^lll ^.xx) ) 1 ^)jl 
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4i 

0 A 


0 


22 


0 

0 


(7.1) 


0 o - A,„. 

cUjLuaIa 3-vnII ^Ac. ^)j-alix]l dljl£ llj 

a^.^. ^- o^AJl o^.l j cillLojj .(Scalar) a^-L^a V Aij^^A Aij^^Ali 

a 1 a ^^-ajoijj 4 ^.1^11 jLuij ^j^aLic- ^ja-n A-aL^JI 

.(Unit Matrix) ^ jll Ai J (Identity Matrix) Ai jix-^ 

"1 0 ••• O' 

0 1 ••• 0 


[/] = 


( 8 . 1 ) 


0 0 ••• 1 

ajj^aII UjlUl Uj^a]! 4ju^y& Ai^j-sa-o (Determinant) 

La£ A_ijlUl 

K 

(9.1) 


D = 


4i 


21 


x 22 


- A A — A A 

~ /1 ll yi 22 ^12 ^21 




4, 

A n 

4a 

D 

= 

4i 

A 22 

^23 



4i 

4 2 

43 


Oa^Jl 

Mu 

ois lij 





D 




4 

42 


= 4i 


:aUH 1 I Ajj^aII ^j-o (Jjxa L 5^ 

( 10 . 1 ) 


42 

^23 

-b,. 

4i 

43 

~h A i o 

4i 

42 

4a 

43 

12 

4i 

A 33 

13 

4i 

42 


•th 


£> = 


b? 


J /f 

^21 ^22 


4l Ai2 


b. 


L 2/7 


= 4 ,m, , - 4,m, 2 + - ■+ (- 1)“4„M,„ (11.1) 


721 


*11-1 ^j-Q ^jjxA aJV n l.m a ^jl ^ '^,j Iaa 

(J-alxll (-1) 1 ' Mj; <A4^1I ^^aioijj An jj-^ixll (Minor) jj-ali (11. 1) kblx^ll 

: oj d Ah — 1 (Cofactor) 

a ij = (- 1) 7 M ij (12.1) 

(3^ .J A 3-ixaiI^j O^*- 0 Cj^^l 

(13.1) 


y v */ ~'~y 

4 J^AC- L 


° = I -v, = I ^ 

;=1 y' = i 


y a U 


• k 


•sjaJI (Index) Ajjjall (*-4 =>j V 4 

^tfajLx-a^JI } (_JA jJaJJ 

^3 (JJxaII 4 k ^ J^aC- ^ (JA Jks-i\z~ (J£ L_3^)jJa \ jj 

. Ia^.1xa ^jjx-all (j^5Lj 4 ^jj UaLilA ^Ij^aC- ^1 (j^ ipj (s- 3 ) 

•U^l' Sjliij Jjjtjj 4^jj2^aC. jl ^aj Cj (dj) 

• j )»"ll V 4s.LaC.Ylj 1 - OjO.^i'l (Jjllij j*J lij (all) 

^ j ^ V. (d^al^C- ^Laj 4 a^s, Aju^ya 4_3 . a . ^ T i (J^alxll ^aLaj 4 SjQl ^jj 

: uj csl 

•• a,. 


a = 


a 21 a 22 


a «l a n2 


l 2n 


(14.1) 


Cjli jQ.rf'i.all CjljUc. 2.1.1 


4 (_ja JA*J1 (_ja3j La^J (j^ I pi Jais 4 [B] J [A] ^*a~^ (j^A j 

<33Ij!±a]I ^jj-saLixil [C] ^-^a^-aII ^Ac- (J ^jj i2u2nC- . ^Ijoll ^Ac. SAaC-VIj 

: [B] j [A] ^ 
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C, = a ¥ + 


B. 


1 

J* 

ACj 


A 1 ^2 

J- 

Ai 


_c 21 c 22 _ 


j^l ^ 2 _ 


B ll B 22 



(16.1) 


(15.1) 

A&B\\ Ai+Ai 
Ai + -^n Ai + Ai2_ 

: oj l? 1 ‘(Commutative) ^lii J ^=' ji' t>j 

M+[a] = [a]+M (i7.i) 

: oj Lfl ‘(Amoiotive) ^ j’-Sj 

M + M + [c]=M + M + [cj '(i8.i) 




[A] ^ AialjlAll 

=[B]j 

C„ = ^ - B„ (19.1) 

1 Vj . [B] j [A] ^9 o-IaC-VIj JAxJl (jl 

.Li^jUaj v j 


jjJalt 


S j^kJLi [A] <a jL^aJlj 


4 3 .3 . . . : j . ~i 4 -.' ^r- 7 la . n jl Tjl 

:s — J [A] ^>j_alic. J£ L_l j 


44,, 44 


Ml 


12 


5^4 n ^ 


12 


sA - , 544. 


(20.1) 


■W = . 

L J /I /I 

^21 ^22 J L°^21 °^ A 22 

[B] <j^fL l-oAic. [B] [A] £.1.1^. 

J\ [A] j ^ixiLA [B] (jj 12 a (Jliijj . [ A] oAac-V^ ^a*J Ij^Luia 

C_J JjJa j Vjl [B] [A] L5 Ac. ^aJJ . [B] J C_JjjJali J^-V (jj£j [A] (jj 

[B] ^ j^ 1 ^ (3^1 j-^1 jx ^i’ix' L [A] ^ i th c (j-Q (J£ 

oAA (j-<» j 
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[c]=U W=[4AJ 


(21 -I) 


: JllcJI Jjjjoi LS \c. .[A] ^ 1 [j* k (_£ ic. ^>' 1 jaJJ Cl Lja. 


~Ai 

A 2 

I 

m 

Ai" 


2^11^11 + Al^2\ + A 3^3 1 


'c u _ 

A\ 

A 2 

^23 

5 21 

= 

A\B l{ + A 22 B 2l + A 23 B 3l 

= 

Qi 

_A\ 

Ai 

^33 _ 

5 3 i 


_A\Bn + A 2 B 21 + 24 33 5 31 _ 


_C 3 i. 


(22-1) 


^ l m [A] \.a nj n ciili ^ji£l [B] (_)^.l ^ja j 

ujA Ujj t^c_L-a p (jl v^j [B] <jlj P ^ac. p (j) *» . \ [A] <jl 
j (2 1 . I) ^^9 $.l.i^JI (jl t^ili ^ iar.j . p^ax iij i m [C] 

<jl (ja j 4_i! Ja^.V . [B] s.iac.SM jL-ua cIiI^aII ^ja l^^c. (22.1) 

SjjaIua .1 W‘n V [B] [AJe-I^JI (j^3 4 ^2 1 • ^) ^ J ^j^aj [A] [B] e-l-i^JI 

[A] k_j^)jja i V 1 .^-j .oAac-V^ ^ ^j-Q jaxJI [A]j [B] A\^a\ Iij V] 
ttilli ^^ic. oj^x. [A] j [B] Iij Vj Iij*-* [A][B] Iij [B] — j 

=[B][A] (jl <jl-AjJa tilliA (jAiIa (, l j ^ jxa [B][A]j [A] [B] ^ Iij 

.(Commutative) UtaUj ^ cii ji^dl *1:^ J li* . [A] [B] 


l **ll Q . A t j 


Jj Ia£ -1 aj^ 1 *JI <a^.^UI <Jajoil^j ■kkjki.s-iA (Inverse) ^j 

W = [ A. (23.1) 

4 U^UJI C^illAJj (Adjoint) ^sI^aII (d-^^dl ^AJ AA^Lx^A (J^klA ^_Ax*lJ ^ 

[44'=[4'M=[i] (243) 

<a^)x-<i c‘u..'\ (23.1) <Sjlx-4]li Vjj ^jl (23*1) kiclx-all ^a [A] ^*- 4 ] l)^ 4 ^ 
jjt J Sjjla jjt (Singular Matrix) ocjia ka jL_^ UJ [A] ka jc. J'iij 


4, Jakll CjVjIxaII Ja* 


Jj-ukij jl 4 ilaa. 1' ClA djt-all 2^ ^3 4 ^_j j)4 1 ^ . .-jl jll (JLaaCLA/ 1 

ijjl^ Icj -Ci^i jjVi'I 
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M=MM (25.i) 

: 1 a lie. iAjJ yac. Cilia jki^a {X} J {Y} tlua. 

W'{yMaY[aIx) = {x} (26.1) 

Jl 

IaJ .(Cramer) ^-al^j^ eAc.li (23*^) j ^JLLuill a-vj nil 

I CliV aIjlaII ^Uaj Q^fL lAAic. 4 IjjL-u-q (253) a3aIjca3I ^^9 {Y} 

[4M = ° (27.1) 

<_$!) LjjIS ajjjb V [A] dul£ lijj .(Homogeneous) L^Uio 

LkAic. ( ([A] A^^.^ 0 


W=[4'{o}={o} 


(28.1) 


dAgJ . ^)ix-all JjaUmJ (j£ (_£ jLoij n^. {X} (J^l cj-° ^AA 

(_£ 1 tAj^Is [A] Aj^x^-i^H (j^£j LaAic. 3-1*39 t(27«>) aJaIx-< 23 ^iC- A^.jJ 

. |v4| = 0 LaAic. 

Cjuj&L* 

A-iaA^H CIiIa (.** i1.j1.qC. ^)>ixj (JaLolj 

14T-14I" (29-') 

t L_3^1 £a L.JjjVq.A (JjV^ £ j \ (_$\ 

ff4«icir=[cr[*r[4 pm) 

(MMcirMcrww (3i.i) 

y 

.^11 jllll 'r- t_ilallj (Jaill jjjjl jk j tJ j]l 


ell jjj-AI 2.1 

* 

(Jj-a CAlj^H ^ja AAC- L 3a^-i^1 (vectors) C 1 j 1 _^_^ 1 ia 3 I (2-axJjaii 

cl^W (Jj (vectors) V tiillA ^a j .^cJj 4<c.^*JI j j 
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— j JUijVl j J-iIaj (j^Aj V c JUIaII j • 4 -atgJI AjjLjjjall 

jm.'i j .CjIjj jaII 4 3-ixJ^j l.g K'ia'i <_j£aj o^J ‘(vectors) c” \\ g Via\1 A (Jlxijl 

A-I^V^aII <aja]I <_ja£jj . ClA g V*ia \1 1 ."m^a Lajaxj ^Ac. (TenSOrs) 

. 4 jj 1 -l^y I ^jjL^-all jl _J 3~ Ajaxal^l Ai-alA. Jlisl ( 3 ^J ’ j ^ ^-3 

La 3^aaij . Aj£^)a]I 3 jaII (Jji^j ^9 Aaii CjIjp^aII A J A ~' ^ A_Lal£ A_^Jlx-a [A-l] 

. Aj^ykj^JI OLiauLA/l 


.<jjjl£jJlH CAIi\ I al lai ^ CjIjj jaII (_jl AjjjISj^II CjIjj jaII A_Ju9lia all . 

Ac. ^ (jjSij - A lal . a ^ alll-La^ dj^Afi Aiijl^j^ll allLul.la.YI ^3 A laki £3 -li-lau i _ i'Wij 
1 , 2 , Xj ^ i aJIJI ikllj .(xi, X 2 , X 3 ) a_LJ jjx; Jiali ^y=a X; oaa diLcaSil 
j j i (Indices) aIiS/I ( _ s j*l La£ . jIxjY! LS i£A i ^ AlYllI aiiLiil.ia.YI a _ iiui 3 

81 Cijkl <.31’i.a;j Au£^>a 27 bijk a31’i.a; tAjUlilllj .allla£_>a £joii lij liliiaJ £L[j j cljj ^3 

A_iiLoi]l allliaYUI 39c .AijYli 3f^3^ ^<liujj La-a c-3?- ‘d-Yl .^dj tAj£^a 

jQ - All^all ^a 3 - cjcaj ijlilall (Jj . Ul1 t _ s lc. • 3 ^®^ All^)!! ^1 3 *°^ ^^^Ic 

Cijkl J <j-G 1 JJja 3,{j J (<^Sa) . 1^.1 j ^ja 1 JJja Uj J ((_^^J 1 C.) 

k 4 _JJ^)a ]1 ^JA JJ ^A L_flj-£ 3^1 <aJ)^UI C 1 Aj£^)a ]1 Q^fLj .^cJj 4 _JJ^a 11 ^JA \j! ^A 


N=n k 


(32-1) 


^Ja_// £-_y,J*axs?l « ^a\ 11 ^AaII (JLa*Jja 1 ^Mi,ii 

^klj s^ldc- j Aulixull ^jl (r 3 .nge) 


jA\ aALJ\ a!^\}\ J ^ (summation) £^JI ^XLu^l o-^j *3 j 2j 1 

* 

0J^)£a 11 ^g-AxuJ .3 (J) 1 (j-G ^.AV 


.a_iaa jll (Dummy Index) 


2.1.1 

dira 1-1 Jiill ^3 Aiil^VI ^jLi-all ^ 3 ] a 33 xla allljp ^ 1 ad^lxa j 

^J X, y, Z ClLlilAi.)/! (jl lilli LS^a .Z JtS.1I Jjj 31 jaij 
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^L«j t" '' 'j'N. (jjSj . z' Z aLajVI (jjflajj cilia. x\y\z' C 

iJjjaj]! lj& (_ji (4 -."w'll 1 g ■» ~i . .aj CjIaL^jV^ 



cos (9 sin (9 0 
-sin# cos# 0 
0 0 1 


(33.1) 


2,Z‘ 



x-y ,_ji 5jj|ja.Vl jj jjii : 1 — i JiuJi 


(_ji j th oLaJ^Hj x',y',Z ^UaiJI ^ i 1 ' 1 elcalYI (jJJ Ajjljil fl-aJ i_J4a. CCjj oj^J l — 

((JjAjuJ! JaS3 (_^u]j) clL/Lljall]l (J£ (JaJ ya (_g\ i X, y, Z j»Uaj]l 

01 ij ~ cos(x'j,Xj) (34.1) 


jxojj 4_Lajail d llj’il ^.V \ tl^A 


x' i =a j x j (35.1) 


*1 

= a, jX, 

+ 

OC l2 X 2 

+ 

6^13X3 

*2 

11 

to 

y< 

+ 

0 * 22^2 

+ 

a 23 X 3 

X3 

= a 31 Xj 

+ 

«3 2 X 2 

+ 

CL 33X3 
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! L 4 >> , . 1 CJ jl 


®21 ^22 ^23 


^31 ^32 ^33 


(37.1) 


.Cjl JJ jJI J-d SAAxJ-G L_Jjl^)-G ^a aAC- Luo-all J-G IAA 

j Clil (J^^jj .4 qq^j <_£a 3I Jjjaall J a Ac. la ^Jc. jj ^-q l-a^xjjoj j 

(38.1) 


x ' =a a ■ 

‘J ...ki '"' J n 


•a, a, x 

ko 1 p mn---op 


SjJxIaJ) jj ja!) L-n\ JA LJLjXJ 2.2.1 


<jj du^j . aj&^a 3°=1 j-«a jj^-a _^a (Scalar) ja*J1 

^ic. <I1 aV 1 j . djla^lc. j^V 1 ^ 1'Wj ^la 4 Ia L^ jl j J^iia I jl aLo 

.<aUall J 4 V'm (.jjjj] j) aIac-VI 


jl^CiJI (JjVnj .Aj^^a 3 — 3 j^\ £ja Jj ja ^A A Vj.aH 

:a£U 11 Ja j (vectors) 


4 = a J A j 


(39.1) 


. A Vj.aH Aj J oL^jl C‘ ll nVi Cljj J A^IaII A- (Jj-gJ C* 

<c.^ju3l cijljjlA^yi j cjUAjjjVI (vectors) c* \\ g.v^ll aJlla^\ j 

^ 2 .. 


4 = a ik a ji4i ( 40 -') 

J-Q 1 Jj^-Q (Jlx.q iV J jlg.^y 1 ^JA (3^ 
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A'.., -a a a, a a 

ijkl im jn ko ip mnop 


(41.1) 


(Jlxijl dild/lc. <c.jLLxa]I dL)Lal_x-aj ac-L^ll 

O -0 Oljfi _>* 4j*j 1^1 4d^)-dl (j-a dll jj^-a 


&] — ^jki £ ki 


£ ij = S ijM°k, 


(42.1) 

(43.1) 


jjHaH jjajjII 3 . 2.1 

a!S^\ j] dip^ j j^Jl l-ijjjj Sjlc-j ja (Contracted) Jjiddi j^jill 

(_jdidd iAdlllll 4 _ii^) 2 l ^j-a dll^)jj 2 l 4 _ 1 L^. ^^9 . l^lda dl (Jd (Indices) 

La^ diVI-*dVlj dibl^Vl .9 (_gij 3 (j-o (_£.ia 11 1 2 (j-a <SjV 1 «2d^ 

<jj^)-dl (_j-a A^jlkall dl^Lalx-aj Ss-Luisdl d_L>Lalx-a dll_jJ^-a liliidj . 1 “ 1 (Jjd^JI ^9 


a^jd dd^. ^da £--a 6 ^^. 4_]jl 4 <j-a Vd (jjlilj ^43*1) J (42 • 1) <dV j\judl ^9 4 _xjI^1I 

.(3 4 =9 2 ) 81 CiUSjJI jjc .9 

JJLxaII jjMjjll Jjlla jjjaII jjajj : 1 _ 1 Jjdl 


LjVUi^l 

C1l.1l4a.yi 

J J2adl jjajjII 

JJ^II 

Jj^d' j^J^' 

jj^aII jaajj 

£i 

8ll 

CTi 

an 

82 

822 

a 2 

022 

S3 

833 

03 

033 

84 

2 £23 = 723 

O4 

023= X32 

8s 

2831 = 731 

CT5 

031 = T31 

86 

2S12 = 712 

a 6 

an= Xl2 

8? 

2832 = 732 

a? 

032 = X32 

88 

2813 = 713 

a 8 

ai 3 = X13 

89 

N> 

CO 

t'J 

II 

Ni 

CT 9 

a2i = X21 
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J llgj — J dll£>lc. <■ t \"\ c \\ t jjajjI! J 

: Jill! jail! (43.1)j (42.1) ciViIxaJ! 
*i=<Vy (44-') 

^=V; ( 454 ) 

(jAaI! j! Ia£ . jj jaI! 4-jjja Jj a*j jjCuj V Sj^J! ^JiV! lie- j! ^jia!j]! ja 

jj JaliLo ^JlxiiV ! j ! ! jj ja jl£ 1 cj • j^-1! iI*j! lie. Jj i*j jjCuj V ^liV ! ^Jc. 

:1a IjC. ^_U-£3J c|jx^'l3» 1! Jc. C‘ ll ^ jl ja (jjjlaj ^Ic. J idli£ li jfLj) 

(46.1) 


a u = a Ji 


£ tj = £ ji 


j^J! Ia£ tig, ia (J£l Alluj Jj a W ujaI! diVlxaiV! j cl! il^_^.y! lie- iiiic. jiai^jjj 
U- Sij J C jj ^a aIsIuiaI! ciA-^jaI! lie- ^Jj jjaLiil! jA jil! !ia ^jijj . 1 2 

IjjSj ,j1 Sy j Cij <j1 <jC '-*-^)1 u^jj -^*}i\ jj^ll J 36 JJ 81 

(ji J ‘( 2.2 Sjiall Jajl ) ( jjjalii ^ 

C, = C„ 5, = 5, (47.1) 

jj^J! ^ 21 J] 36 j-a Sij j Cij 4 WuxiaI! C11_£ja1! 11c. IxJij! j> iQ-n n tlAlic. j 

(1^_jLaa <C. jLLiaI! jj ja jii*J^ o?. L.JI jj ja La lie. ^jj-aj Ia£ . iLsuV ! J^l 


q=[c]= 


c„ c 


12 


c c c 

'- / n v - / 14 '-' i 


"15 


C 


16 


c c c c c c 

V^12 '-">'7 '-' IT. '-"74 y -")S ^ 


"22 


"23 


24 


"25 


"26 


c c c c c 


33 


"34 


"35 


C 


36 


c c c c c c 

'-'14 '-' 1A '-'74 '-'44 '-' 4 ^ '— \ 


"24 


"34 


44 


"45 


"46 


c c c c c c 

'— - 1 ^ v - / 25 v -" a ^ '-'/ t * 


"35 


45 


"55 


"56 


c c c c c c 

'-'16 ^ If, '-'76 '-'46 '-' «;6 '-', 


"26 


"36 


46 


"56 


"66 


(48.1) 


.^^ jV ! Jc . o.vixA Cijkl 4 _ j£ja £a Cij 4 _ j£ja < dc . jj£j Cl 

££L jaal ^jiLuxaJI JLuJI 2.4.1 

^3 iu,i ^ ^ In- t j£aJj . 4_9 jSa^xaI! > i' 4_lajuj! jj C!j! jj jaI! 4_jIj£ 4_ljg_xxiJ ^ \ 

: i jac. <k j^x^ia 4 J^axxi! jj a VI a ^J.ua i t^JljAl! 
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i, = M= 


A 

A „ 


(49.1) 


a,=M=k 4 4] 


! t- Ci ^ ^ G i ^ ^ 


AjJ^-gII (j-G JJ J-G (j^-GJj 


-M- 


A, 't 

A 2 i A 
A„ A , 


12 


22 


A 

A 
A , 


23 


(50.1) 


(51.1) 


X 31 ^32 33 _ 

’ ( ' o . i ^ic- 4 U..J j! 


A 


a, 


| = M= 


4* 

A 

A £ 


(52.1) 


4 

4 


£-G AjLau]l_J 9 x 9 A£jjal (J£ju 1 ^gic. Axjl AjJ^gII ^j-G ^)J^-G Ajtj^ (_j£-GJ 

# ■* 

A.^ua jj-Gjdll 4-lajail^j ULl^.1 Ig ‘&\ 4(51.1) 

.6x6 SjJ^IiLg (Array) 

Ai^ix-a-G (J£joi ^Ic. cJlxijl — dilate. i ^ jc > L_iti£Jl 1 a& ^a Lg^-gc. ^jxj 

tdiVlxij^Mj diljLg_^.V^ (j-o ^jj-G^pll (JLa*I1»jjIj 

<_£ ^jiaall 3-v^kH £)\ (J^.1 O -0 < *— ^ ^ ‘ ^ 6 l)j>^ '^J • — ^ 

: gl? Lg (jaj 1-1 JSjill ^ U£ z 

M=nW ( 53J ) 
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O l 


cos 5 0 

sin 2 0 

0 

0 

0 

2cos#sin# 

Oi 

02 


sin 2 0 

cos 2 # 

0 

0 

0 

-2cos#sin# 

CT 2 

O 3 


0 

0 

1 

0 

0 

0 

^3 

<74 

= 

0 

0 

0 

cos# 

-sin# 

0 

CT 4 

<75 


0 

0 

0 

sin# 

cos# 

0 

ct 5 

0 6 


-cos#sin# 

cos#sin# 

0 

0 

0 

COS 2 #-sin 2 # 

&6 



- 





- 

- - 


( 54 . 1 ) 


<J 1 


cos 2 6 

sin 2 6 

2 cos 6 sin 6 


a 2 

= 

sin 2 0 

cos 2 0 

-2 cos 6* sin# 

CL 

r i 2 


-cos 6 sin 6 

cos 6 sin 6 

cos 2 0 - sin 2 0 

Jl2 


*C5^] o 1a 

( 55 . 1 ) 


.s jjg (Mohr's) ^Lj ciA-^ ^ A^lxll oIa 

^3 plg.^j 4_ll_^. (J^.1 <_ja 6.2 ^3 jA Ia£ 4<^Laa <aj^)iaj CLi^VxAi^\ 

f s # > 

j-i u*n (J^.1 ^11^. 1.1^. oMx.a <C-jUa-o]lj S^lxu^JI ^) na'ij . ^jOjaaII 

. [1 — A] (_£IaxJ cJ^ cl) -0 ^ J^x’i .(33.1) ^J^IaaII ^3 Ia£ l)^^ 

.» 

^3 <Jj^La 1I Sc-Loi^JI CIL/IaIaa ^ l^x'i C(_£ jOjaaII ^3 cIjVI^- o^j 

.6.2 SjaaS 1 


&*b-» 

A-l Stephen W. Tsai, Mechanics of Composite Materials, Part II, 
Theoretical Aspects, Air Force Materials Laboratory Technical 
Report, AFML-TR-66-149, November 1966. 
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(uj) JplaJl 
a uila 

♦* v v«r 


Aic- ^»,'j O^ClLlAA AJI a] JjV! jl l.li^. Aj>jJ.V^, 11 L-L^Lla C_fl^)AJ 

Li ^gjlfjSI (JJLuIaII o jLLj jl \a tJJa j .a_II.i 1] Llill j a ^j^JI 

Jal I jl . Ljj ^1 ^LixJac-i ^jA*-a]I (J jVl (JLolaIL 6 j.w-all aHjLII A^uall d±jl£ LI 

C 3^U1 La ^jL ;La £y i . LijAx-a ^jLII (JL-LLl jl£ jl LI (JaxII Li ^_Lo 

. CluL ^jjL-uI ^Ic. 4JI .ll A_njaiill Lilli A .1 £jJa^l 

(_$\ cX— Xi ^jc- AlLL <Lu 2 LlL lLli^. cV(x) ^X ^jiH-all V <11 .ill j m,'^ 


dV 

dx 


I =0 

'*=*1 


(M 


A_Laj jl ^.ll Lfuij 1.1^. jl LaLc. 1 Lull 1.1^. V 1 AllLlI A-<uall jl J^aj i** n^. 

— l_) aJjL*-a] 1 j'qVn cLa . 1 — l_j JL^ll L£ (Inflection) *»— aLLxjl A_Laj jl 
Jalisll ^ Lnxuj L^ V(x) <MI ^liLij t ^UJLj .5 j 1, 4, 3, 2, Jatitil ^ (1 
^ Llajl ^JaJj .2 A.l-iVill ^9 ^—flUaxjl A_Laj j 3 A_LaLll ^9 LaLc-I Lull 1-l^.j 4 J 1 
lg-i3 ^.ixjj t -' > (Neutral) aJ.vl a! 1 JalUl j-g LuLj 5 ^i^-all 1 — l_j J£jill 
LfT 1 ^ SJ^l jLjC.1 j£aJ iAllLlI ^J&ll dJA ^^Jc. j^jAAi J ^Lj^ (JLa£ J .V(x) CILjLla 

AjKll aU^I AjUall^ V(x) 1 .l^JI jl cillj ^ \x.) . 1 — L_J JL^II c^W'iaj tiiLuj 

L Jl jj jLal^j ^-flLLxjVl A_Lajj ^aI^c-VI .i^JI jlj cl^ailuixi Ljljj ^Jal (o J^^JLl 


.l^jL^-a Ljljj (jsljj oJjl^-oll A J-aVill (jlj t ^jq"uA)/i 
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o-jjl -yxi JaUftj 
^ J*M l\i .laJI 


V(x) _! 4ifl! j fufl :l- 4 iJUJ 


V(x) t (Stationary) <ialj 5-kiil S , A < ' I ;Lu2l ^ 

:x— xi AiLliili a ]^ i\\W Xic. j^LIj ^AjudLuild a 

h 3 d 3 V 


V(x 1 +h)=V(x 1 )+h — | +-^Z- | +■ 3 

dx lx=X| 2! dx 2 W=x ' 3! dx 3 


+ • 


(2-m) 


•2-aj JU3I ^ U£ xi Jja. (Expansion parameter) ju * 1 jL h oj^j 2Ai 



L_J 


734 


u/ ,dV 

AV = h 

dx 


+ - 


r d s v 

2! dx 2 


: V ^ AV jjfLi ‘b-iic. 

h 3 d 3 V 


+ - 


3! dx 


3 I x=x. 


+ ■ (3.m) 


^^3 JjV! ^-Sl ^^3 A JaV^i L-flj^pu ^.Ic. c^jfLj ^ -a 

th A a j*3 dul^ l <ag.<a AF 


AF = 


h z d l V 
~7}.~dx 2 ~ 


+ - 


h^cTV_ 

HHx 3 ' 


+ ■ 


/? 4 d*V 
~A\~dx^ 


+ • 


(4-m) 


(J£joij .X — Xl AiC. 4-33^ ^ jj AF Ax \ \h 

Lajlj AF (jl£ La^S .Ij.wM udijj AF I _j^LIj *QjudLuii<a ^3 .l^Jl 

<Jaaj^ l_jl_l^.l l^. J^J IJLui jl ^^JaC.1 ^,'*>11 .1^ Lq ULuj jl u*n .1^ 

.l^JI (j^fL (jl v^j i Li^.^q A F i_s^J • (® <Jaaj^ LajI ^ Lo j Jx-4 jl ^ L_flUaxjl 

J& h (jV .1^. Ajjlx-aSlj c ^4 - T- 3 ) 3 J«A*-aB C j^LIj <Ujoi1xxlLg ^xjUaSI 


/F F 
2! dx 2 


)0 


jl <_sl .U.J* .ba. _j\x ks~i 


(5-m) 


:jli th jJJJP 1 . ’.'“'.'J tAjJLgu jl Ay^ya Loj 3 h a2lLaJ jl j^aJ jl£ _jl j£j 

d 2 V 


dx 2 


>0 


(M 


:^j 4jLia ^lar, JVjlLJ j jijj .x= Xi Xic. V(x) 1 Lii 3-ajS JaJ j-o Lr alj 

d 2 V 


dx 1 


<0 


<7.j 


: jl£ 1 21 <jl VJ .x= Xi Xic. V(x) 1 ^2 jc. 2-aja Ja.1 j* y_il£ j* l£ 

d 2 V 


dx 2 


= 0 


(M 


. .i^JI j^SjIj aIxuLolLq ^3 ^LauJl V Ia^c. 
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: jjlala ^AjoiLuila ^ ^Jlall A^Jli 4 till j c.laj 


h 6 d'V 

~y.~chf 


(M 


<jl tdJlUll ^ILolaII ^<LajAxa1I jaoj 4-aa3 Alljl£ 1 Ag,A j ^ijJaljll <j-G j . ^jjijAj (jl 
jl 4 _±^ja LaaS til Via 1 (jl ll (jV IJI-iuj jl la^jA j)l (j^AJ ^JaLx-aII ^3 A^JI 

x= x i Aic. V (x) 1 ciallall Jjjj^oaI] <Lg ja*a <Aa3 33! jaa 4 1 a£a j . i*,^a h. <jV j 4_a1Luj 

. LilL-u jl l_±^ j^a 3 jSLj jl j^Aa A V jV V (x) 1 t flUaxjl a j^q'i ^a 

41ajAx_a jjLla ^xAuilo ^^3 (Q'L-jj <1jIxa 1I ^3 Ciallall jiiiiAllj ^IxIiaII A^JI jl£ lij 

I^^lc-Vt ^gJlall A^JI jjfa tlAAjc. 

— ^ | (10. 1-1) 

4 ! dx A W=x ' V 

jlaaC-V IajI ^lli^a IjCnjl IajAxa ^lall (J^LaaII jjfLj jl £alalla C3 , je nj . jAjgall A^JI jA 

^lall A^JI tJ^.1 jA l^all (Jj-a jail ^a ^^all AljL^laliijj V I jl ^aCaljll j)Aj . 31 jaa 11 tiallall .1^11 
aIaIjlaII ^3 (JIiAaII ^al^ll A^JI (_)^l jA l,x>ijl 4_^JL-a jj^a (JIiAaII 

V(x) 1 Aajlall A ajqII Ax \ \h AjA^a Ac.lj3 jj^a 4 ^laxAala^)ll *1 jiLaVlaj 4Ia^A 

X= Xi Ate- 

4 jL-all jA ^)j£lj U. jijA X= Xj Aic. jALgII ^»jAxa 1I jac. (JjVI (JJAui-all (j^ I a] (1) 

.^ajl Ij uCi Ia^ V(xi) lAAjc. jjfa 

4 jA tJslj L^ja^-g x= Xi Aic. jaLgII ^ja*_a!I jac. <J jVI (31 »aa 1I jl£ IaI ^2) 

. ^ A.lac .1 l juCi !a^ V(xi) lAAjc. jjfL 

V(Xl) lAAic. jjfla 4 IA 3 LG X— Xj Ajc. jALaII ^jAxaII jac. Jj^l ( 3 '^*»^'l IaJ (3) 

. L_aUoXjl A 1— iQ ^ 

.©AjL^-a A 3-aq‘i V^Xj) lAAic. (jj^J 4 ^LgjAxa CIjIaiAaII ^ja^ Clljl£ lij 

.Ac-ljill aA^J l_Aajujja 3 — 4 a (J£joi 1 I (jaaJ 
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V JalHil .lie.: V’(X|) = V(X|) - - - V"* 1 ^,) = 0 . V n (*l) * O 



Ap,j jjsuaH AJil! t_allaxj^l Jalijj aJi&Vt) AaJI :3 — «— i JiutSI 


.4q^ . :■!' oJuLo CjljC-LuM AjM aJ^lu-ooII 4j2oVl ._F 

(4 — v 1 ^ V = x~ (1) 
V = 2x 
x=0 Ajc V'= 0 
F " |=2 
iju a 'l 1.1a. V(0) OJ-^J ■’■ 
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(5 s-i ^ V— x (2) 

V = 3x 2 


x=0 Ajc V'= 0 
V" I = 6x I =0 

I x=0 I x=0 

V" I =6 

lx=0 

L_flUaxjl V(0) .*. 



V=x 3 


(6-m ^ ^J-) v= X 4 (3) 


V = 4x 
x=0 V = 0 


V" I 
V" 


= l2x 


= 0 


1 1=0 


=0 

= 24x| x=0 =0 


F" 


=0 


= 24 


<_jj4 lAa. V(0) (jj£j ■'■ 
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V 




t> 


X 


V=x 4 


(7-^ JLill fJ ^) V= x 10 (4) 
V = 10x 9 
x=0 ajc V'= 0 


L 


& I j‘q"i - ■■''I Ll j 


v” =0 

ljt=0 


V IX 1=0 
V x I =10! 

lx=0 

(jj-ii 1.1a. V(0) 
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V 



i.'n'qjM jJjlx-a ^aJJ ij-lic- C jjjtlLo (ja IxjIj V (jl^ I3j 

* * 

jmj l)^ C5^ Jj^-11 j 4 Jj^JI 

1 <ial ^]l <-<uall 4x\\l~i JLj. W'^ 4_ajou]Ij <11 .ll A_iJ^^Jl CIjIiiAaII 

l^_L-aj La£ vnj aAA (Jj-g (J^.1 <_j-a j .V 

.[1-B] J^uV 

&*b-» 

B-l: Henry L. Langhaar, Energy Methods in Applied Mechanics. 
New York: Wiley, 1962, pp. 308-328. (Also Krieger Publishing, 
Malabar, Florida, 1982). 
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(£) 


JUD 1 — Jl^l 



t sI^LaII jI^aII cl^i Cj- 0 A-l^j^^ (Jlxijl — 3 )\ jWia ^aJJ 

— U333^ 1 ^ Aa^L^^ t <jLill — ^jA^^JJ^M (JjA (JIaaILaV^ AajLa 

. ^lAx-ajll 3 jV1-aajjaI (Ja t_al£ AiLiSJ 3 il jW a11 oAA jia'i Vj . (JjaaII 3_nsl^)C. 


titj “cr-Afcy! ~-%^V' cljl ^ ia 1 -C 

A_i^.L^.j e_j aUl — 1 3 jI j Wa 5 — g? 1 — ^ (JI£jaV 1 

cil^Lujj 3ja11 c^I^Luj ^ja sJjjaII ^Ic- **" ^ .} g.aa ^ Iwj .[C-l] 3 M XP 251 S 

^ IjIvn Ij^A^^* ^j^fLa l *3)111 dUJ ^3 til jLaII (jl 3^i *\V .S^jaLiaII JaiuJall 

Q^fLj tL_Liill oL^ji ^11 AjjajIIj ^^_jLja^)*ll ^g3 J . C-l ^jaII ^Ac- *3iH L5^j «^2ill 

^ i\u (jjfLa 1 -a£ .-LaxjJall ^3 IaIaj ^jjC- Ai^l 4.1 ia1I ^3 Iju^j IjJ-v^ til^luill 

^3 A n a ^)^) 0-3^^ -3^ l ». u3 cJ 3^ *(3- £a ^l ^3 (J^ xaj ^.Avn ^jjc. c3-*-i^ — iLg-^Vl 

. v l2 = 0.09 j v 12 = 0.25 Lg-a^s dul jj Lja ja. 


UJJJI -(j^JHl cfl*M - j 4 ^V' 2 .£ 

ja Ia£j .[2-C] ujjjj ~ cijl jW \ a 11.^ J) 6.^ JI£jaV1 

1 jJ-i^ L^a^^. l <a i\11 oL^jI j til jLJl (jj^j tA_i^.l_^. j l-aLJI — cJl^l 

^j^fLa tL <l\,jlVl ^lj Ajj-uillj ^iLja^xll aL^iVl (^ 3 j . c-IjjaII ^ic- j-aat^ll ^ 3 j -Itiill 

til jLaII .-Lai-iJall ^3 £^ja 1I jia*J ^,Avn ^)JC-j .IaII ^-3 LjJ^j til ^L aII 

.-LaiuJall ^^3 3j1^jjj j AjaII ^3 Vp 03*^ 3^ ^)-a3LiLj . (_j-aal! ^^3 IaIaj ^ 3-a^ 3^ 
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Sj±jj juiii Lj ijW; * 3.^ 


12 ~£ Nannco 5605 dual jc. — ls -u£_ju^I di n-du 4 jLSj 

.^jjjjj — ^jai£ jijV I dlluia. u (J£d]l Cl ua. jjxs [2 — C] 1 7 — £ 



Cp) 3M XP251S ciJ - (Ti -Si Lf j^la :1 -jr JiuJi 

([C-l] 
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<jfr) 3M XP251S IaJ i_Li - ai -8| iaLiaJI ^.ia.'U :2-jr jSJ4i 

([C-l] 



([C-1] 
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3M XP251S , - j M CJ 2 -£2 :4-£ JiuJi 

([C-l] 



3M XP251S <^Laj t-M -<_ r uj£jAj!l! JUajVI —<jeal\ ^.ia-La :5 _ £ JSJJI 

([C-l] Cf) 
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([C-2] (jfr) UJJJJ jj£U CTl -Si AuJi Lf js^ la :6-£ 



([C-2] (jfr) UJJJJ - ai -Si JaijiaJI Lf l^la :7~£ 
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(fC-2] cf) OJJJ i G 2 -£2 JaLialt i _ r ia-w :9~£ <Ji*iS 
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( [C-2 \ a c) ojjjj JU13 - jLja! Lf l*la :!()-£ JiuJ 



([C-2] £&) Ojjjj _ <jj— I jj 4-u-j cjl jW u :ll-£ JiuJI 
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MO 



([C-2] <jfr) 5605 jlajU ai -Si .1441 :12-£ <J£441 



( [C-2] (jc) 5605 ji«jU ~ j£>4 Oi -Si 4aL4all U \'u :13-£ JluJI 
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io 



([C-2] <jfr) 5605 Cuaijc - Sjjj 5U oi -£2 ; 14-£ <J£*£S 



([C-2] cp) 5605 - <_,**£ j±£U g 2 -e 2 JaLJaSI ^. I x l a :15-jr Jiilt 
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5605 jU jfr - JUiil — u^ll\ :16 _ £ J12J1 

([C-2] c?) 



5605 jS^jU CjjS ijfr — 4 _luu iIiLua * a : 1 7 — £ JUiSI 

([C-2] op) 
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C-l Plastics for Aerospace Vehicles, Part 1, Reinforced Plastics, 
Military Handbook MILHDBK-17A, January 1971. 

C-2 J. E. Ashton, J. C. Halpin, and P. H. Petit, Primer on Composite 
Materials: Analysis. Westport, CT: Technomic, 1969. 
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(jjt jjj *LuajUJ( (jjt jH ^LalaUJt 

Jl JiAVt J ^UfWtj 4 > i Wafl 


<UjLa l.J 

ojU* ‘ ujjVI j 4_iLgC. ^JjJajJ (J^.1 (j-G ^j^jl jail djV*^*-G Jjlijjuil ^aJJ 

jjl Jill CjV «^J*-g (J 3 I q'u'I)' ^xj ^aJJj .^jl^x^ill <^JLxa] l.^jg a) <x_^. 1 ^)-g£ l^-Lo 

C5^J . <^_iix-£all ^■Ixjjl CllV ^lx-o 4 jui31Lg ^aJJ 4 Jaj LxuSj . ^u-oLkJI ^^3 I^LaxLujV 

S_jLoi^U (jl£-G (_^1 ^I'Wj V J 4 4_1L^. 

(j-G (_^1 ^gic. LlA Ajl.q ulil ^aJJ Lg (_]£ (J^lLaJJj . Cljl 3 O-i 11 oJJxIg ^jlaj-sallj ClAjJa^jlxll 

jl j ^j_jl jlil] Ajj-uLuj' V 1 ^iaLLgII (JLgxIioiI Jaia ^jLaj-all j ciAjJa^jlxll 

. Jl jaA^i 


A-ua jlxit (jj) jj ljV S\jla ^jlVuIii 2 . -2 

. 1 — ^ (J£joi]1 ^3 Lg£ LnjL ^. j Ij^^-g 4_I!g^_g »tll ^ nat*^ 

£-g ^-ijUJl (J-g^J! j ^a^xll J 6^3j Ajj^)iaa]l Ja^Jl LiA ^aJJ 

.^Lil&I! ^Jj-saistll (J ^ia ^lc- 
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4_^ajlc j^taj *J a ■ uA It kkA. a :1~ J jLiSI 


- jV + 


7V + 


dN 

dx 


d JL = 0 

dx 


tx #IajVI (ji sjil! (jjljii o-a 

= 0 (1.,) 

*i ^ i Lc I jiA j 

( 2 .,) 


JaaJI fljill tljj /j^£j 4 ( 4 . >■ jl_*_II J jL ^_1^- <jj ^ ^ (Jl^4 ^aJJ Laj 

. AjJj 

cZ oLaJ^i ^5 ajSJI (jjljJ tj-a 


F - pdx - 


rz ^ j 

F H dx 

dx 


= 0 


F = 


<iF 

dx 


M 

Jala n Lq I A& J 

(4.,) 


(J ^ia ^Jc. iS^l t' O -0 \ UjjJ 

cl — j (J£jiJl ^ b 4 jaV^i i}j^. (jjlj3 (j-°j 


M + [pdx)^- + 


TZ dV J 

F H t/x 

dx 


\ 


dx - 


,, dM . 

M H ax 

dx 


= 0 


(5.,) 


c(dx) AulLstll JUaIjj 
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Vdx - 


V 


'dM 

dx 




dx = 0 


J 


(M 


V = 


dM 

dx 


( 7 ..) 


. (J^la ^Ic- (-£ C5^i ^ ^ >Q ' (j-a W '^* Q ^ 0^3 ' - Lix^j ( I j 

:<jJa^jl_x]l dlljLgj ' V- Jaj^ui]! 7j^£j 


N = N 
M = M 
V = V 


y 


y 


y 


u = u 
w’ = w’ 
w = w 


(M 


^gJj A , Vrt'i jajoia j tjl jail ^Ic- Z j X (jaAl-^aVl (3^J CjIaL^jVI W j U L&-^ ^ 
<jJaj^)L« b jii CjLia£ ^*jjjV 1 ^j-oatli ^3 4a,3 j. wll JajjjaJl (jj^a .X ^-lj Aajudilla (_jikjlA]l 
. (J ja-a jl 4_iJaj^}i-a CiaL^la^jl ^jxaVl ^j-a*J1 ^3 Aa^jA^Jl Jajjjoill ^jj^aj c^^jc. jlj 
Jaj^jjjj Aa^la i^llaA il^Aj . ClA-^la^jVl jl ^^xll jlj ^j^ll Loj (jJajS Ja£3 ^j^-oaj 
La£ c^lalioiVl ^JaajudJ 4al_gj 4-iJajlc- (J^.1 (j-a3 .4-iJajLxJl ^j-o Aal^a (J^ Aic. 4-a^j-l^ 
IajIj ^ tJUJI 2 — ^^3 

. (jla^AA ^jla j j^-a ^jla J j^. (jUa jjoi tillaA 




w = 0 
M x — 0 
u = 0 


t 




w = 0 
M x = 0 
N x = 0 


jUIujVI A laj - mj AjI$J (_j j <LuajUJ AjJjiiJI JajjaJi :2 — J JiuJI 
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(JaI£ (jl Ajlgj ^\\"i^'‘i (jl (j^AJ 4 (Jj.1j£ j 

IaIaj 3-^ (J^jaII Cllllj (_£.} j.1^. Ja^joi 4 4^113 £a j . 4 '\)\a (j j£j (jl (_^l 4^^jljJa^)C- 

jl ^1-^jjVI ^Ac. Aa^jjai { '. ^>.3 4-jl (j, I^A .2“-^ (J£juAI ^9 Ia£ 

(jl )a*\V .AIiiIaII AjI^aII -La^-xlo (jAjJajj l^jl Ia^aC- .^"ijm ^^lill Jaj^jaAl C5^l 


( JIajcLujI U^.V J L_fil^)^jVlj U^-JJ^ L 5 ^ l> ' > U ffi" 

Jaj^jjoAl ^jA-^k (jdilaj ^ j^j] A_ ijI £ a 1 4 LAl^. 4 (j\x n j . (J^-l (jA AjLaa ^ j >. si \ c * 

* f 

(j^aj*J La-ljc. (La£i. 4 jjjj3j) 4_dlj]l AjLialiilll 4jjL*-a]l 4_±jj-a <j 7\2' 4jJj.laJI 


.(7d) j (4d) j (2d) d^/jl_*-a]l ^9 — ^^xJ!j JUijl — S jill dilate- 



w -0 
w , x =0 
U =0 


w =0 
w , x =0 
N „=0 


A Jm a Ajl^j j AAajUJ AjjjiaJI Jajj 24 i : 3 — J J£d!l 


4 \l 4_i.}l_*-a (_)^-a l^JIdiiaal ._j£LaJ 4 (6 d) 4_ijLx-a]l 4(_j-aa]l Aljlx-a (jl ^ ^ V 

; Je, 7’ j; * 13 (4d) 4_i jl*-a]l 4 4_ljlda ^)*ll 


P = 


dV _ d 
dx dx 


f dM^ 


y dx j 


d~M 

dx 1 


M 


:4jjjjiiill — 49^X. (Jldlaul Jxj jl 

M = -EM' (10. j) 


p = Elw"" (lid) 

Aj J j- 1^- 2a j ^yji 4jtj jl ( ] I • -) 4_i jl_x-a]l (J!ia 4jul ^)]l 4_L ^j-a 4_lidaliij 4_S jl_x-a a2lLaJ 4 I .ifiA j 
j^liajjj .4jJa j )l_*ll ^j-a Tjld (j£ " V- (8 d) 4_i4_x-a]l 2aj^)jai ^j-a dllliillj ^jL2' 2a j_22' ^A 
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uJ' jj ^Ac. (8.^) ^3 JjVI (_£3 j 3^AI JajjuAI 

.(u) c ^\ l^alS^ J (2.3) 

Cj jV*Ajla! ^AtAl (j l iH ajjV 1 ^3 ^3 JjjLaAl JaJjaull q'l Al>U A_x_a.l ^)-<AI fi3A t^3C.Luiiijj 

^jl ^3 4_Ja^)txAlj A ->■ (JjLuia ^jxi ^ja£jj . A jj 

A.aAiIiH CjV 3Lx_a1I 4 ^ >^$A • 3jlAI 4_jj\jj j 3x_AI Aj^L^. 1 CllLja^)l*AI 

^Ac. 3^j . A_ajJ^ A-AjJal jj dlV >Aj*-aJ ^jlsA-all <j_jj£j LaJJJ A_plc. 4 jlx>alij dlY 31 jla djLja^)ljtll 
<3 jV jLl-q icilljA 4 A. < q)oLaH A jliJalijll <3jV-Ajt-All ^liAxjjl 3^C> Ajl tcillA 

. aJL^. ^3 4_1a ^cjlaj^all aAL^. ^3 ^jj£ 1 (j_ji jJ CjV ^L*_a j (_£ jfi <jj)l 

4,%) Walt jjtjJ LjVAbua Jlluil 3. A 


Ny, <_jia^)x]i 6^1 J ^9 (_£j!ixaa]I ^3 ^-a ^^LjaliAl! A^-lix-sall ^)j-^ajc. ^)JJC-i 

J l£J^ Jj M X yJ My, M x c>a jxl\ $3^.1 j ^-3 ^jjxllj N X yJ N x , 

£_ 1 a^. ^jC- ^)J*J 4 3j£lAl]j .p(x,y) Aa* x>i\l £_iJaLaAlj Qy ,Q X (J^a^)*Al a 3^.1 j 

Cljl3jai 1 xja^ l^jj ^jia^)x]l ft3aJ j ^3 ^a j^j*Al J (_£ (/* ll Ja^> 

(jj (_^1 4 o3j£a1I ^ jjj3j ^AjJaliiAl ^x-aJJtAl 4 — 3 xiA! jjJAJ .^-iXjJa^A 


(jia^)C- ^aJJ 4£” jjJa ^11 L <83 g jj * AaAa^A ^^uu/ 4 — 3 ^3 ^AjJaliAll ^jj-ai*Ai 

©3^1 j ^3 4 _ijjL^A1 ^^JjolaII ^3 4©3j&a]I AlAAlAl A, a Jo \ ^ 1 

C5^J . (JaI^Aa Ig xja^n L)^ 1 J" J LS^" t Ll J - £aa ^' 0 (J^*^ 1 JA*a 

g-l.w^s ^a j ^Jl jail ^ 1 7-^ j 6-^ j 5-^ Jl^iVI 


.^JjJalilAi ^a! 1 (JJall ^3 A_ij^^J1 CIjIaiAlaII 



^^jjL^, Cl^j ^aaiua :4 - J JiAll 
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(jliialij yA jfr ^ :5 — J JiuJi 



( _ f Lialij AjjjIa :6~ J JLuJI 


758 



jirtfo yJfr : 7 — -3 <Jiy»S 

:x uJj^ lS^jj i(_jjiuwill ^gk (_jj3 tj-oj 5 — , <J£jill ^ 


- N x dy - N Xy dx + 


r 8N„. } r 

dx + 


N xy + — -dv 
* 8y ' 


N, + ^dx 

dx 


dy = 0 (12.J) 


M, | dN v o 
dx dy 


:dxdy ^gic- ^ j <^ 1 _Jo 1 aI 1 ^ .i*jj 

(13.,) 


y Syil! jj <_£^yj c^^Laa 4_£j^)lajj 


- N„c(v - A0C& + 


dN v 
N v + ———dy 


y dy 


^ ( 8N„ A 

N + dx 

xy ax 

V OX J 


dx + 


J 


dy = 0 (14.,) 


8 N „ 8 N 
*>. + — L = 0 


•dxdy ^gic- j <^La 1 a 11 ^ j.i^JI L_ii^ 

(15.,) 


dx dy 

Z dI^jVI ^ Sji!l (jjl j5 t6 — ^ <ja 4_njl_^Jl ( ykL IajS 


r 50 , 

Q x dy - Qydx + 0 + — — dy 

\ 8y 


\ ( xn A 

0 V + — dx 
dx 


dx + 


J 


dy + pdxdy = 0 (16.,) 
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0 e. + ^ +p=o 


•dxdy ^gic- j ^ j.i^JI ^xjj 

(I'M 


dx dy 

7 — a (^a ^aLioli CLua. X JaaJl (Jja. jajjd! (jjljJ tl^ 1 

L^-iV ^aLjoli V 5 a '■'-I' ^a ij? j u*j^\l ^a ^^all 6 a ^a ApjjL^JI 

:(x A 31 ^Ic. Apa^aC. jl Aj jl j-a La] 


M xv dy + M y dx - 


8M v 

M v + —dy 


-&*f+ 


50, 


Q v +^rdy 

dy 


dy 


dxdy + 


dx - 


8M„ 

M „, h -dx 


xy 


dx 


dy (18. a) 


y 


g x + — dx 
dx 


dy^- + pdxdy^- = 0 


2 . .• . ,, 

^Ic. ^hjjViII j dx(dy) ciil^ j <JIaa] j ^^Loa-di j j.i^JI .iajj 

:dxdy 


0v = 


8M„. dM,. 


xy _j_ _ y 


(19-a) 


dx dy 

• cs^J y a5 J ja. ^ j*JI Jjljp ^ajj tA^jLia AijjlaJj 


0x = 


&W dM 


- + - 


(20- a) 


ox dy 

uJ' jp AlaU-a ^ t(19.a) j (20. a) (jiilalscall iQy j Q x (jpaall l£jP ^jiialxa tjl.\nml t j£py 

:^ic- i_}j‘ 11 (17. a) AlaLx-all tz aL^jyi Jjaj &jall 


d_ 

dx 


8M r dM 


■ + ■ 


dx dy y 


+ - 


dy 


dM dM 

A x _l_ y 


V 


dx 


+ p = 0 


(2 1 ■ a) 


- v 7 


5 2 ^- 

dx 2 


d 2 M in , d 2 M v 

+ 2 ^ + 

dxdy dy 2 


= ~P 


(22 -a) 
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idlAj ~X A^C. l^_jl ^Ac. Aj A jA^AI Aa j^JjAAI ^Aaj <jl j£-GJj 


ii 

J 1 

u 

= u 

* v = N*y 

J 1 ' 

V 

= V 



V 

dw 

dw 

M = M x 



X 

8x 

dx 

M xy = Mxy 

J 1 ’ 

W,xy-- 

= w, xy 

Qx=Qx 

J 1 

w 

= w 


(23.,) 


(23.,) 


N y = N y 

N XJ = Nxy 

M v = My 

M xy = M_ 
Qy = Qy 


— y 'I ,V- j 


jl v = v 

j 1 u = u (24-,) 

j dw _ dw 

8y dy 


J 1 

w, xy = w, 

y 

w = w 


(JIaAjI ^Al 'li.py (JIaAjI (j-G ^ALuixAl (J jA^j i A Aj^)iaj ^9 

Ia^'u^-ia Jax*j j^\ ^Jajudll ^ic- ^aJalj JJ j L_Ajjoi^jj£ 4_liJa^)9 (JLgaAjoAj 

(J^nAvi ^^Ac. tillA A*J Jaxj . ^£jl^ll Jj^aSI ^ AliAaSLlA ^aJ Lg£ C^cAj t JlxijVI A*J Lp ^ aC.j 
c__L^Jj .*Wjqx*o\l ^AajoAI Lq^aC- (_£a!I ^JajuAI lAA ^gic- AjAjA^AI Jaj^}jaAI 

(jj£j V ^ A. W a\I j L_J^)iL<AI ^AC- C—lL-al! 4 jA jA^AI Jaj^)2AI j)l (j-G (jilAAjVl ^AC- 

!*i . ^ \\ l-> ^ ^ aA^jolaII I >**' \ ^ .^Jajo) A-^j-uI^J (aA^aII) i * I I ^.iL^all ^joi^JI ^ Q 1 ^ mOi 

* 

Ja/Wi LgAaC- ^tliL ^^All jjjljpll diV aIxa (j-o Aaju^aj Aaj^jjAAl 

I Ali . ^22 . a^ j ( 1 5 . j ( 1 3 • a^ dV aIx-gII ^9 — ^ jc. j Jl*ijl ~ 6 jill dlii^lc. 

lAjJU^ill — ^a^JtJI dlfl^lc. ;(J1!1 a1I (JjUui ^Ac- ^Aidl 
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Et 3 / 


M 

= 7 

+ VK 


12(l -v 2 ) V * 

y ■ 


^ 3 / 


M 

= r rx\ K v 

+ VK r 


12(1 -v 2 ) V y 



. . Et 3 




— r -\K r 


V 24(l - 

v 1 ) x> 


( 25 -) 




e 2 w 

=--TT 

ox 

8 2 w 
Ky ~ dy 2 

d 2 w 
dxdy 


( 26 —) 


^y=- 


d 4 w 


+ 2 - 


j^jc. (22.^) 

d 4 w <9 4 w p 


Ox 4 dx 2 dy 2 dy 4 D 


+ - 


(27-) 


Jaia AjljI^)11 Ajj^aII ^j-q A_iLjali!i]l a]jIxa]1 oAA ^.Ij (jl 

y 

qs\x>\ ^jl tLiA (j a .A_p j-la. -laj^jjoi AijLgj ^ ja~\a ^ja j AaLa. (J£ ^Ac. 

^a A_1 iia] 1 diL ^ja Ap ^27**^ aJ.}Ixa] 1 Jjiij C5^ d A n^aoll 
(J£ LiA A_pj.la. Ja Aj^il dllAj (24 |23 • «^j djV ^IaaII 

A \).^ix,a\\ oAA ^aJ .Ip j-la. Ua^jai ^JjaC. ja~n a (JAa^i AiLa. 

4 A-iJU^ilAi A_iLjali!i]l aJ^Lx-aII £a A^jolIaII AjJj^aJl iaj^jaAl (jl d ini 

i^a .(27-) 


dM vv - 
K x = Q x -—^ = K x 
dy 


j' 


w = w 


M r = M x 


j> 


w, =w. 
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w = w 


dM xv - 
K y = Q y -—^ = K y 
ox 


M v = My 


y 


y 


(28.,) 


w=w 


(j-a a ky j k x o n-\ 

* 

JI.\nJ ^aJ Ia 13 .A_LAax-o]l aAA V (_£ jdixill ^3 Aj A jA^Ji -laj^oJl ^jl 

: JUJ c5^ Cr A-tu^aIII Al^aJ — ajlll Cl£kc. 


TV = 


Et 


\u, x +vv,y) 


1-v 


= ®- 

- v 1-v 2 


tv = 

v 2(1 + v) 


(v, +VH.J 

? 

Et ^,y+V,j 


(29.,) 


llA-ljc. (jjfL) ‘(15.,)j (13.,) tllV ^ (jjl Cj^Ajua 

W =xx + VV ^ +(! - Wkyy +V,xy ) = 0 
r )+v +vw =0 


( l - v t u >j* +v >*', 


(30.,) 


Ajc. (jjjAjA^. Ajj^^JI A_iLjali!i]l dV aIjcaII (j-a Ac. j^^-all aAA 


^jjxj a^.jj LoAic .^24 .a^j ^23. a^ ^jj1i]aL*-a]1 aJ^jojI^j (j^\iLd AaL^. 

<d (j-^3 Sj3 qj£j tZ aLdVl ^^3 AiL^JI Ajj£1] ^jujA^JI ^AjA^JI Ja^oll jliic^l 

.^AjA^. Ja^)jai£ AJlx3 ^)JC 

aJ-ijaai i AiU. cl) -0 1-AAic A^.jj AjA jA^JI Jaj^juull £*1 ^jl 8-A (J^A*ill 

^^3 ^3 1 gJo j^)jui] AAi.Vig 11 ^judll AjjIj X ^-J3 dll A aIHujVI 

AiUJl jA £dj t Vi\l aJ-ijaaij Axj^jVI (dl^jlaVl) dl^^Jl (J£J AjAjA^JI 

JaxjjjVl ^Jaxjill ^)^J1 ^jI^jAIIj cW t ^^jLiJa^)*Jl ^Ij^jVI (J£jui 

(_J-g .M x =0 (jl (_^1 cLojA*_a OJ^ c” n*s.j ixa^ij <_£a1I ^)-gV 1 A^_idal] 

Ja^J ;a£^^J1 (J£joi ^Ac AiUJl ^a (J-qL^J1 dAcIa! V ^S1 -iaj^>jaAI <3^1 
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iS2 Aa (_)^1 (_ja . Aj^jLaa V j U 6 (_£ j)Jjaa] 1 CliL^lj^jVl C)J& iJ l. ^ ) 

A ‘^aj V cX oL^jVI Aa jIILa (jj*^ (j^J LS^" cJ-ol-^-11 ^ j^. fn 

cS3 J ^.1 (j* .v=o j N x =0 (uT^O) oj^ *y ^ a£^^JI 

^ a£^)^JI Aj^aj V (j^ ty al-^jVl AajIILa (jj-lJ (j^- UJ A-Sl-^Al jA (3-°^^ 

cS4 -Lj^Jl J=J ^ja J j^i.u— o j N X y— 0 (v^O) <jj^j lA^J ^x ol^i^l 
y oL^jVl j x oL^jVI a_aj11a (jj-^ q\ (J£ja AiL^Jl (3-°^^ 

.N xy =0 (v^O)j N x =0 (u^O) uj^ *'^A c*l jjaII ^Jc. 



® 

® 

® 

® 

WsO 

w = 0 

WsO 

WsO 


M,-0 

M, = 0 

M,.0 

u = 0 

N,-0 

c 

1 

0 

N, -0 

O 

■ 

> 

v*0 

a 

■ 

? 

Z 

O 

■ 


jUIujVI AJaxuu Ail^, CjIj A %j4^1 AjJj^aJI LjjJJI :8 _ -5 JlAll 


^)j£l AIiAaII A^jLUI Aju^jVI AjJj-I^JI -Isj^jjaII jm’i 

Ja^jaill (j^SLj ^jl J^A i A_lua 11 AiUJI A_jaLa 3j^ ^-LilajVl (jj . c£]l^pVl AjjjX, 

^i-J ccdlj £aj • &wjdx 6 l 3.JJ^ J W j V ‘U cCjULjjVI ^.Axl Cl 


cAiUJl J J tW c ^_jl_iJa^)x]l ^L^jVl (jl l^il ^Ac- La^aC. AIiAaII AiUJI 

$.Lij . j^aaII ^9 ^lj^)j^U Ja^j^jjA £_^1 ).W ) Cj_jXi ^jix-all IaA!>1£ ^jIj^Ijaj i C)~wj Ox 


4^_jLja^x]l ^L^jVl <ja 9-^ J 3-^ (j)K^'l ^B Clliiiill ^»Uaj ^ tn*ij ccilli ^Ac- 

Aj^A^JI -La j^jjaII A_uiij C_LiJJ_i]l ^Uiu jI.VujjI AiL^Ia J. W i_j . ^wj Dx cA9L^JI ^jl^)^9^J c\V 
^jjfL cX-y ^j^jaaII a£j^J 1 ^JaliAJ V Clufiill ^aUaj jl£ Ijj cl^Aj .^jIjaaII 
)La*Uri) C-UJJjll ^aUiu 1 Lj j| .Cl (_£ ^^.wll Ja^judll O ' 0 V = 0 ^5 U- = 0 1-A XlC- 
oL^j^l ^ ^LjJhI cJ^^j V AiV v=0 N x — 0 Ia^c. tx oI^jVI ^ 
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^^3 £ ^•vVill ClnjjLill ^aUaj (jl£ lij 4 Axj La^S j .(22 (_£A jA^Ji (J^l O -0 Y 

^Uaj <jl£ I a] .u=0 j N X y— 0 Ia^c. <x ^ (_>uJ y oI^jVI 

4_ajAc. Clil^)£ ls^ (J^ ^ La£ Y J X (J^L^jVI ^ ^^^.A!ill ^L-UudJ Cimill 

• N X y — 0 J N x — 0 <j] (_£^ 4jjLoi-a (_£j!iuaa ]1 ^ ^jlll uj^ 4 ^ 4 ^ ^"^V I 



w, x = 0 w, x = 0 w, x * 0 w, x = 0 

u - 0 N x = 0 u = 0 N x = 0 

V _ 0 V = 0 ' Nj{y c 0 Nxy = 0 

4*1 n 4 4il^ lj! J 4,%j4^a1 4 jJ j-laJj JajjJJl :9“J JLJJ1 


Ljj j tV jl . <^_iix-£all ^ ^^AUa (jAaSllj Aj^.^j (jVl 

Qy j Q x 4_ijLja^)C. <j-a3 (_^j3 A^.jj (jl *- t 1>J <jl Z ol-^jVl ^ SjaII (jjljJ O -0 
(j^x,\ <L-^a^-a (jl V] V 4 dllj £-a j .p JaiuJall 

I^jl ^1 4A_ijljJa^)*Ji CjIaI^I 

Qr = \?J Z Q y = \r yz dz ( 31 . i) 


AjjJa^a 1,'n‘n'i LaAic- aAA 4_ijLja^)x]l (JLaAj ^aJ A<a3 4c*i]A £-aj 

A_lxJalj ^iljj ^lill 4G^2 la 1I ^)J t- Jajuj jVl ^Jajoill A-lxJalj d±jl£ ^lili Jajlv^ll 

* 

^C- oAA . A-jAj\q ill 2.2.4 o^jmII ^^3 (JlxijVl Axj 

<Jajail^Jj ilA^Aj 4 (J jLuj 4_ijljJa^xJI (^yaal 1 CllVl*. ijl <jl ^,'l3M l^jl 

4jjJa^)3 1 ^-^ 1 x-^-a jl ^aJ . 4jjl_ui<a 4_ijljJa^)xJI (_J-aall djljLg_^.j 4 (JLxAjI — ALg_^.Vl 

• 1.2.5 a^ali ^^3 AjAjIqMI 4j^)lai]l q -a 


^ VI I'N.J Xyz J T X y A_ljljJa^)x]i dll Al^_^.j <jl ^^3 ^^jjaSllill 

CjI Alg^y 1 0 AA ^jl 4 <^il A ^-a j 4 ^j_jl j!ill CllV Alx-a ^^3 <jlA ^aJ La£ 4 ^)ix-a]l 
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(jjl Jl II CliV ?4_9 j^J| £_£j ^jj| . L_fi AjjJa^)3 Jjs j (_£ jld 

tciilj ^^Ic. . 4_ijLiJa^)x]l dljl^-aJ 3^jj j\ c > v^.j il-l^J tlijldsLiA (Ja'VaI A_1ujLoiI 

c > (jVI 1 T^aj t A_ijLja^)*Jl (j^aSI dljlg_aJ IjjJal jjal LiIaL^J LajI j)A L5^ J 

(JJjjl tcdlj £A J ,^20»*^ J (19.^) (jAil^lx-all ^3 j J Jill dlijjic. (JLo*!1ujIj l^jjL-a^-A 

.A A^Lajuj ^C- A_ijljJa^)x]l I jjj dlA^lx-a ljj.l] 

A-ijljJa^)x]l .Ij.wM <jJa^)lxll ^JLuaa ojlc-j 1 n^-aj 

Ja \.gj\c- l.n^Aj ^lill V T X z (jl «Txz 

:uj J 
dM 


V = 


dx 


(32.,) 


aJjIx-o (JaI£j (j-o ^-laLall (JjjauaA j ^UaJI 4_LLa±a <jJa^)lc. (J^l (jA Txz jj^ 

•ujl ~^WV' 
(33.,) 
:<^c- J ^a=21 


r„ = ■ 


_F 

2/ 


r 2 

z 

4 


(34.,) 


.£^31£a ^Ja3 (J£joi t^£- 4 — -i 9j^)*-<ill jjj jA j 

.^JaiLc^l ^IjatLoiA dlda^lc. (J^l (jA Ja^3 (J^jLjJI (jliaxoVl ^-L^aJ C(jfLj Ia^_a 

(jj. ul £_La3 (J£joi jjdll jjli t^JaLftll <Lia!luiA ^JC- ClAjJa^)l*Jl (J^l (j-Qj 

^sl^A ^Ja3 (J£joi ^gic- jjAll j)li tLjajl dl^ilall oJAxIIa dLja^lc. (J^.1 (jAj . 

(J^l Ja tl n'c. L_L2kJ c<ad^JI ^3 .<ifLall (_^*ijLd ^a3c. c > n^n jJC- Lid (jjfls 


(jjjj La£ 4dla (J£ <alla_A dljLgd ^ jjj (JI£jjjI £3 Jl tdldall oJAxIia dLja^jlxll 

* 

^j\ jj-u. j g.1 W il£ Ig, n*\ Clj^)jai3^ <jJaJ^)x]l CljLja^)L*Jl (J^l j)A 1 9 6 

^Laaix-a (_^l 

^3 A-ijljJa^)x]i (j-aall CljljL^.j ^ jjj ^3 IjJbk j plij 

* 

^j-saall ,1^2.1 y- j jJ i dlljjl^p.j t. Q . ^a jJ - 4 ^ . -^. ^3 cl] j 4 J zx. ■ <a tJ^^J 4 , >. jl r, 

• 2 . 5.6 ejaall (^a ^cjlij_iall ^ 1 _jjjjidll ^Ljajxll 
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. (jjk joUa V ^AjJa^jLxJl A aJLaa liL j Ad^}^. <jl Lila^V Aa] 

r^.j (_£a 11 aI^aII cilijl ^>ja ^ja !)L-alliA ^ 3 ^ (JjLudVl ^aAC- ^aU^ia ^) nx'i tedlA £aj 

Aj^laj aI^aII ed-jjl.^jA ^_±x-aj ^jl (J^-aj V]j t^L-uj^M ^aAc. ^Al JaA x \ (jAx«o n (j! 

. ajj^aII 


4»aaiua]| ^IjlajI ljV^I*-* 4. ^ 

V-^j .^^liJalij ^j^ljj <jA IjjI A A ^kjqx^ill ^-l_*jjl ClS^ aIxa piqu'd (_j£aj V 

* ' -* 

^ t> A_]laJl oAA ^ U-O 1 IaAJC- (J^j! jdll A_lla. ^jc- a 1_*11^M ^L*jjVl A-ll-udA (JdAJ ted] A ^JA 
qj\ Jj]l AJla. ^jc. aL*HjV^ . Ia^. A-dlc. <j^£j (_^jjjAA]i ^a aJja^. 11 o jsjjoia 

(j! ^j^aj V Aaaix-all ^jl edlA ‘i«, j . A ^Jajoj Clila.l_jLAjl jl il >^aj 

CjV aLxa ^IaLaV A-oj^dJl 4 j'ax. 11 e_Li*-ajj (Ja^. JjI^j Ajc. AjjludA 

^ia-j jdjjA^Ajjj [1 — D] itiilA (jA V^Jj . 1-iA <_j^a^)xi] lAa. ^\jt-U$\ 

.[3-D] ^ j\ [2-D] 


t C_al 3 -i x iV 1 jl j!ill aJLaa A_lla. ^a j^xll J C’ ll-tLjJpVl (jc- Lja^C- 

Jl 

A^la. ^ Ig.Ajq (jc* ^aj^jxllj (_£ja 11 J CliL^L^^M Cjljjju 4^ Aj aJLaa ^-L^aJ 

8 w j 5 v j Su ^UIaj twj u, v caULjjVI Ja^a j .^U-uV' jji Jill 

.^IxajVI uj jp]l aJI^ Cjl^U^jVI Jj AiLja]^ CjUAjjjIS 

. ^.nl-x ^U^jl ^jjAj AjI^j ^ja Ja^a CjULJjVI oAA JIa L_a]ljj ^jl ^j^ajj 

J SN X y J 8Ny J 5N X ‘M x y J MyJ M X J N X y J Ny J N X 

Jaj^Al] lijUaA AjA jA^JI Jaj^)jAl] ^Lnll JjJAdll *8M X y J 8M[y J 8M X 

.9-^j 8-^ Jj! Jdl] aja ^a^JI 

■* # 

AjA jA^Ji ia j^jjaII ^-L-aj tlA^J aJLaa ^jc. A ?a aJUaa jm»,‘i 

(Jd d^f 1 ^ (^ 5 ^ J *cjj aJI-^aa edlj ^jC- Ia e <a\"i ~^ a (J^jaJ 

^ixiiAll CljV^ljtA (Jd ^ ^,‘iAjll e_ljl^^Jl ^jj t A_Ajl'^“iA AjA jAaJl Jaj^yioi]! 

I CIijIj = x AiUJI cJ^ 3 ls - ^ 4 J * 
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d(dw)l 8x = 0 


Sw = 0 
dv = 0 


Su = 0 


(35.,) 



. Ja j^uJI ^9 t 4 4 . W. q"i\I dpi ^Lx-dl ^_3 4jjl ill 


D-l Robert M. Jones, Buckling of Bars, Plates, and Shells (to 
be Published). 

D-2 Stephen P. Timoshenko and James M. Gere, Theory of 
Elastic Stability. 2 nd ed. New York: McGraw-Hill, 1961. 

D-3 D. O. Brush and B. O. Almroth, Buckling of Bars, Plates, 
and Shells. New York: McGraw-Hill, 1975. 


4,-yiQ.u-dl JljjAl C?i±\xA 5.J 




- ^ \ kfljl ^ 
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^ J ^ J A 

(i:!) 2ui= jJI Jl*4l 



I 4_4J_3»- ^_J 4lxuluJl 0 JlA ^C-4.0.) • d I , ■ ■ i , , ■ I I 

A_ L$_JI L"c.cr_j ^_IlJ I Cj Lj- LAT ut I 

££jl— AJ! 4 _ 3 j_aJU (J-Ajj j— J^_La_AJ I j (±*_se__t_j! 

jljJtl A— 3 J JulLq £_uAj c_jIh£LII ^^yidsju : ,_'l**t < Cl l 

4 <Gj JuseJ I j 4 _j_uj Luj V I ^-tA LAI I uLaj^j 4 4 _ifi^J, I 

Ajj_IAjj 4 ^ U lj ^jj-SLlX I lILlj LSLJL I : L^_Loj 

.. . j ' j-Ti_ a V I j ^JLJIj ( _ y _ Llj ' ~ ^ 3 ,^» " 1 1 

Aj j_la_U I i_i_i I j_aJJ 4 _Lg Luj (-1) Lj j LlLo £_d t Laj-j-C j 
( j-\— » 4 ^>LaJI A_ O-re—iJl 4 4 __lA_4_*J I J 

4 __i_m j I ^ .! i c-<-j 1 jJl! ' 4 j ^JL-a-A-jVI 

J-L-C I elLj_J IXAt l—l 4-^3 LAcJ I d) l_3cj l_*J» I J 

4 4_jj jJL I j J I jl I t-iLu LSLua ^yA Cj LlJ LAd ^ I JiAtlLui 1 
4 J Jl^TJLi g.l_Ae_jVI (jljjsl ^_JJ Lj ^yC. ^LAtA?) 


RoOrii M form 


<LQj.a 1 il jl ^11 £ya '_>LjSL 1 I ('*^) 


J _ _ ^ " 4 

4_j 4-4*3 L>- 4 g A i ' i j 1 "A \ I I JlA ^j_qAi t 1 ^. t**- 1 

j_Lo Clc-AAseJ ^^njl 4-L£-l <4*0 ll CjljjJoj Jlu*3J-J 

^42 ^LULj 4 4_i^jJLl cd-uL^jj-o jLIA A- 1960 
L*_3- J_43J 4 (jA-t*3.4*aAcI] L^a-U Lj J L»Tl4U I L*_^>- J_0 

.Ar'-dJt^LstJ! (__} ^LlaJU Luiiljj 


^JL«J \ A— t^yuj <>Si—A j L— * 4 — < 1 1 1 : j-Jj) > .j» Clj— 

3 4 JljuJJ CjLLLAjJI A— aLuLA-jIIj 4_j_44i jJ-^J \ 

'4-J ‘(^L > Cr-li-T 1 ) 

4 Liil^ >Lj A_ 

4 4 _i^ j_l I J I ^_ALJ LLujv j-^ Ll>- ^J^_ 1 £Jj j£ j-A j-s Juaj 

uLL-l-j L^Li-.^-L! 4__i_^ V I 4__i_d_j J L_£ V \ 

. (AAM) 



4 I 4—411 Jt Laj g. L-j^.j -4 j L "<— 4 1 1 1 :0 

L u>. j— lSjl! I 4 -j. Aj- i-X~>-~i-I I ^ ,^-U-U LaJ I -L^-«-l 1 

.4JJ^_44J 4 ^.Ui.A J 4 (HIAST) 







dLuJI . 1 
jUJlj JjJUJl .2 
g\j 4j £ —-t$j*ul\ .3 
^jLJl .4 

ju^-cdl 4 _j_12lL!1 .5 

CjLj^Jbtdl 4 j ’<n*i .6 

."'VI, <Vl^ CjLljj -> IV l .7 

CiUjjaidlj 
(jl rt .8 

AalkJi .9 

4 a jIjaJi .10 

AAjlxII .11 




do^.>iU dju>All do-b-LoJI 


/ 

^ ■ 1 1 1 r < 1 IaI 
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